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ANNUAL SCIENTIFIC REPORT 
FOR 1966 

DIRECTOR’S REPORT 

Organisation ; 

0/1 tiic I i}ic ScmorSttiiT of the T ocklsii KxpcriiTicri^Sil 

Staliori consisted of; 

Directorate : 


Director 

Administrative 
C'ontrollcr 
Finance & Accounts 
Onicer 

Station J-ln^ineer 

Soil Chemiitry Departnicut : 
Soil (Iheinist 

Botany Department : 
IFuanist 

Plant Physiolo<^ist 

AgrkuUurc Department : 
Agi iculiurisi 


Second Agrictdiiu iNi 

hntomohfoy Department : 
Fntnnioli 

.\hcolagy Deparimenl : 
Mycologist 

Pisiieuie Dipmluuui : 

Pesticide ■{V'^ting OMiccr 

BiOihemistr) Dtpiirlnunt : 
hcinjsi 


D, H. Lay cock. M .ILL.. \ I. Sc.. 

A.l.C.'l.A. 


J. R. Gee-Smyth 

M. K. (.hoiidhuri, IFCVnn. (C:al i..\,(:.A 
G. B. Singh, A.M I S.F, 

S. K. Dcy, B.Sc., .Msoc. I.A.R.i. 


N. Baiua, B.Sc . Pli.l). ( antab; 

; Senic.i Botanist 
\\ . Iladlield. B.Sc. Hons Livd 

K. A. Slnmna, B.Sc, .\g., M.Sc. 
^Banaras Ph.I). Mich, L.S.A). 
As^oc, J.A.R.L 
( Seiiioi .AgrietdunAt ) 
S. Baiua, B.Sc. ^C^al.) 

iV Bancrjcc, M.Sv. C’al . M.S. 

S. lllin' , Ph.I). Lnndoii 

(i. S.iiyanarayana, B,Sc. Hon.s. 
lli.D. ;Mad;, F.B.S. 

r. 1). Mukcijca. B.Sc. .Mhd Ph.D , 
(Loin loll', .Assoi, 

S. 1!. lXL,.M.Sc. .C.il, 



Manufacturing AMsory & 

Tea Tasting Department : 

.Nfanuf-icturing Adviser and 
Tea Ta'^ter 
Second Tea Taster 
Engineering Development Department : 
Research Engineer 

Second Research Engineer 

Statistics Department : 

Statistician 
Advisory Departments : 

Chief Advisory Oflicer 

/l.cwM South Bank : 

Advisory Oflicer 

Advis(3ry Officer 

\ortk Bank : 

Advisory Olfeer 

Cachar : 

Advisory Officer 

West Bengal : 

Chief Advisory Officer 
(West Bengal) 

Advisory' Officer, West Bengal ... 

(Darjeeling & Terai) 

Advisory Officer ( Donars 

Wat Bengal Experimental 
Station. {Mat} 

Otficer-in-Charge ... X 


K. Choudhury, B. Sc. (Gal) 

S. K. Banerjee 

D. X. Bar bora, B.Sc. Mining, 
(Banarasb M.Sc. Eng. (London), 
D.I.C^ (Senioi Research Engineer) 

A. C. Bardalaye, B.Sc. (Eng.), 
(Banaras), A.M.LE. 

A. K. Biswas, M.Sc. (Gau) 

S. K. Dntta, B.Sc. Hons. (Bom), 

B. Sc. (Wales) 

S. Basil, B.Sc.jAg. Hons, (Delhi) Assoc. 

I.A.R.I. 

S. K. Sarkar, B.Sc. (Cal), B.Sc. Ag. 

! Banaras) 

If C. Sharma, M.Sc. (Banaras), 

Ph. D. London), E.L.S. 

'f. K. (diosc, B.Sc. Ag, (Pat) 

Assoc. I.A.R.I., Ph.D. (Cornell) 

W.J. Grice, M.A.Dip. Ag, (Cantab) 

fl. Miira, B.Sc. (Cal) 

1 . Rahman, M.Sc. Ag. {'Bihar), 

Ph D. I.A.R.I), Xew Delhi. 


B. Clhanda, M.Sc. il)ar>, Ph.D. 

(Edin) 


S'EAFI' MA IT ERS 

Appointments — Mr. S. K. Sarkar joined as an .\d\ isorv Oflicer on 
the 7th January, Mr. (T B. Singh joined as Station I'aigineer on (he lOlfi 
January and Mr, A, C. Bard.daye as Second Research Engineer on the 



Resignations— Tflo following ofliccrs left the Associate n’s 5 .ervice 
during the year and left the station on the dates shoun against their names: 
L)r. M. (-'• Basu tui the 22nd l"'e})ruaryj Dr, S. L. ^Inthcrjec on the 20th 
August. 

Retirement - M]-, l^ K. Barua, Botanist retired from the Association’s 
service on the lOth Xnvember after 31 years service. 

Transfer - Mr. H. Mitia moved to Darjeeling on the 2nd February 
to rc-open the Darjeeling Si leiai Bivtncli. Dr. F. Rahman joined as 
Advisory Olhccr, West Bengal Advi>ory Department, Xagrakata on the 
5th February. Dr. 'F. K. Chose left 'Foeklai on the 12th March to take 
over advisory duties of and re-ojum die Advisory Office in Cachar. 

Leave — Tlic following officers had their leave durhig the year : 

Messrs. D. H. Laycock, J. R. Cce-Smyth, W. J. Ciice, \V. Hadfield, P. K. 
Bania, S. K. Dutta, D. X. Barbora, S. K. Sarkar, H. Nfiira, M. K, Cffioudhuii. 
S. C. Barua, S. B. Deb, A, K. Biswas, S. K. Banerjce, S. K. Dey, Drs. K. X. 
Sharma, D. X. Barua, J . D. Mukeije<t. P. C. Shanna. B, Banerjce. G. Satva- 
narayana & I\ Rahman. 


Visits - Fhe Director <uiil the .\dininistrailvc (Controller attended 
CCouncil of Management Meetings in (Calcutta on the 2.ath Ma\’ and 28th 
September. Dr, D. X. Barua attended, on behalf of all staff, the 2nd 
Annual Gema'al Meeting of the 1. R. A. in (Calcutta on the 8th July. 'The 
Director attended the inaogtii al meetings of the .\rca Seieniilic CCommi- 
Uces as follows : 


(1) South Bank W est 

(2) „ ,, Fast 

(3) ,, Central 

(4) North Bank ^\’e^t 

(5) ,, ,, I'iast 

(6) North Cachar 


at Foeklai on 2jth October, 
at the lingii (Club on 31st October, 
at the Dibrugath Planters* Club on 
4lh November. 

at the Borsola Club on 17th November 
at the Bishnauth CIul) on 18th 
November. 

at the Retreat CClub on 29th November. 


mff;iixgs 

During the year under review tlic Director attended the following 
meetings : 

.Annual General Meetings of the 

lerai Branch, I. 1, A. on tiie 28th Januarv ; 

Dooars Bianch 1. 1’. A. on tlic 29ili J.muary; 

Surma Valley Branch 1. 1'. .A. <-n die Ibtli I'ebruary; 

Darjeeling Branch I. V. A. on the 2bth Nfarch. 
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LECTURE COURSES 


The lollowing Lct uiro (louisui) ^vcIL' liukl (luring tiic vear : 
(1) Use of Agricultural Chemicals : 

Isi Cnm<c - loth to 20tli April ^ 

2nd C‘ourse - 2jtli to 27th April ^ 

i^2 Field Maiiagemoiii Cinirse : 

ht Course - 2nd to 6th May j 
2nd Course - 9th to 1 3th May ' 

3rd Course - I6tlt to 20 th May / 

(3i Vegetative Propagation C'our>e : 

Ist Course - 6th to 9th June ; 

2nd Course - 13th to 16th June } 

( 1} Factory Management Course : 

Isi Course - 27tii Jiuie to 1st Julv 
2nd Course - -kb July to 3lh Julv j "" 

(5^ i'lie Use of Agiieujtural Cihemieal C3)Uise : 


3rd Course - 26th September to 

/ 


26th September 

1 

30 planters atletidcd 

4th t^(uu'''e - 3rd October to jdi ( )rJ , 

\ 


Miniature Mauufacture Course : 



Isl (.‘oursc - 14th to lOlh Ao\(*inbcr 



2nd Cdurse - 21st to 23rd \o\emb('r 

> 

j 

29 plant* rs attended 

TRAINEES 




Seven ( aiididates (i'<Kn 1. I\. Mi inhrr g.iidens, one hotn a F. R. A. 
Xon-Member garden and one lea ijoard’s einjjloyce joljtcd and completed 
the One Year Traitung CJout'C at horhhetta. 

Eleven employees of dllfcrent Member g<u(lens attended the Sliort 
lerrn Training (.nuisi;: nii \ (ygetati'cc lhf'pagati(>n ,ii Borbhetta, out of 
which nine completed die f oiuse. 


33 planters attended 


71 phinters attended 


43 planters attended 


VISl'FOKS 

Some of the visitois, in additinu lo plank r. who viMt('d I’oeklai, arc 
listed below in chronological order of flieir visit.-> . - 
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Dr. Hussain ZaliL-rr, Dircitc;r (icncial. (!.S.I.R . New Delhi, and 
Mr. K. O. Kiishiiamui liji, ScertMary, 

Slii'i Bluigwan Siii^h, I.A.S., ( 'liairmaK, 'Tea Board, 

Mr. Manui>liai Shah, L'nioii Minister, \cw Delhi, 

Mr, Annesley (look, M.li.l'..,NJ,(l., f.,ondon, Director rjf ria\ancorc 
lea Estates ic Mr .(i .B. Shnttlcvvorth, Supdt., Munjamallar)^ 
S. India, 

Mr, J. L, Llewellyn, Cl.B.E., Adviser, l.'l'.A., London, 

Dr. Mauri/io (xianturco of ■i'cnco, Instant Cloflcc&d cas D\ ns., U.S.A,, 
Mr. D. S. Bhatia, 'rechnical Manager, Coca-Cola Export Cor|X)ration, 
Mr. G. Lac I a VC re, Insliinl Geographiqnc Xaiional. Paris, 

.Mr. M. J. Plowdcn Roberts, Director of Meicng lea Estates Ltd., 
Ml. (1. 11. Arthur, Walter Duncan & Goodritks Ltd., 

.‘^ir (jeorge Mackinlay, McLeod Russel & Co., Lid., London, 

.Mr. & Mrs. \V. Kenneili Warren oi'JatiK.-^ W'iirren Clo., Ltd., London, 
.Mr. P, Clhoutlhuri, Jardinc Henderson Ltd., 

Mr. W. Gardner Barker, Ihos. J. Lip ton Inc. & Miss Lliza belli Bark-’r 
Mr. R. L. Hard.s, Devclo)ancru Panel, London, 

Mr. H. K. Eitz-Gerald. Aie.x Laurie & ( O., London, 

Mr. & Mis. M. S. Watcrsione of Messis. P. R. Buchanan & Co.. C.K., 
Mr. & Mrs. E. S. I'ucklield, 'Lucktlelds l eas, Australia, 

.Mr. R. B. Magor, (jcorge Williamson C'o.. London, 

Mr. R. Xissle. W. (jcimany, 

Mr. j. Arinithuot, Poiillon Manor. CLinlerbuiA. 

Mr. P. M, Glover, Janies Warren X (A.. Ltd.. London, 

Mr. \\ . IL W. C'oulius, Lea Adviser. Ministry Overseas Development, 
London, 

Mrs. 1'. R, Bhesania. l.CM. Imlia P\ t. Ltd., 

Mr, & Mrs. A. K, Ballisala. C^dculta. 

Mr. J. \V. C!raig of Messrs, James Emla\ X (h.. Ltd,, Colonilxi, 

Mr. \. S. Dliar of Kanan Devan Hills Produce S: Co., Ltd,, Mininar, 

Mr. X. Abraham N'aighcsc ,, 

Mr. J. C. Gonldsbniy ,, ,, 

Mr. P. R, .\. ^>arsicy ,, ,, 

Mr. Tom \\ ynnc. Director ol Messrs. Robert 1'imms tS: ('.o., Melbourne 
Mr. G. Whittaker of Messrs, (lillandcrs .Arbnthnot X Co.. Ltd., 
Dr. B. Wclscher. Plant Nematode Specialist, Germany, 

Dr. A. S. Ganguh of HiiKiustlian Lcvei Ltd.. Bombay. 

-Mr. ]. I’. Ramsden. I hoina.'', ('nniberlege & Inskipp, Plantation House, 

U. K. 

Mr. A. Mackay, Briroh High Commissioner, New Dcllii, 

Mr. Nan .Xihal vSingh, Deputy Sceretarv, {kS.LR..Xe\v Delhi, 

Mr. I. P. .Moiriss, 'r.R.,\., Calcutta, 

Hr. A. K. Baneijec of Hoer list Pharm. Ltd., Bombay, 
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Mr. A. Basil of Hoechst Pharm; Ltd., Calcutta, 

Dr. D. K. Dutt of Rallis India Ltd., Calcutta, 

Mr. S. R. Nene of I.C.I. (I) Ltd., Calcutta, 

Mr. R. R. Varadachari of I.C.I. (I) Ltd., Calcutta, 

Mr. D. J. L. Taylor of George Williamson Africa Ltd., Nairobi, Africa, 
Mr. P. C. Simms of Balmer Lawrie & Co., Ltd., 

Mr. J. D. Willis of Balmer Lawrie & Co., Ltd., 

Mr. F. R. J. Bagley of McLeod & Co., Ltd,, 

Mr. A. F. Macdonald, Chairman, T.R.A., 

Prof. V. Bojnansky of Czechoslovakia. 

OFFICE STATISTICS 

Correspoadeace — 14,010 letters were received and 13,764 were 
despatched during the year. 

Library — 115 books, 315 pamphlets, 1,231 journals, 2 reprints, 

1 photocopy, 6 micro copies, 6 maps and 1 translation were received by 
the Tocklai Library, 



PUBLICATIONS 
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I’UBI.ICA'I IDXS 

Ihe following articles by Uie locklai Exj^erimenlal Station’s Scientific 

Staff were published in Indian and foreign scientific journals. 

1. Bancrjee. B. (1966) : flriiiral application of logistic principle on the 
laboratory population of Anthfenus flaufjes Lee. hidtau J. EnUmoi.y 
28 (3) : 359 - 361, 

(Abs. The population growth of the laboratory cultures of 
Anihrenus Jlavipes follows the logistic principle. Population in- 
creases slowly and a peak is reached where it remains constant 
for a long time. After 19th week the population starts declining. 
After a brief interval it starts to increase again to reach the upper 
asymptote. The population growth and decline appear to be 
cyclic and in each cycle the logistic principle is additive. The 
population decline is brought about by intraspecihe struggle, 
by the decrease in the fecundity of the female in succeeding 
generations with time and also by limitation of space. 

2. Banerjeo, B. "1966 : A statist iral study of the population of the 
Tropical mound building termite Odnutofeniies redmamii (Wasmann:. 
Insecles Sociaux , 13 {\ : 29-30, 

fAbs. A statistical analy.sis of the population of tlie tropical 
mound building termite. Odontotfymes ledemanni^ shows the exis- 
lenre of significant peaks in the populations of worker, soldier 
and nymphs in different phases during June to September, 
fhe populatioti trends of the sexual nymphs and others show 
a close parallelism and the associalionship is quite significant 
from a biological point of view. The population structure within 
the mounds is intimately associated with the multiplicative 
jhiase of the mounds and the peak in the overall population 
mostly occurs when sexual nymphs are produced in large numbers. 

I hesc sexual nymphs clc\clop into alatcs and fly out to esta])lish 
new colonic';, fhe ai)iliiv of the de-alalc sexuals in the mounds 
to produce the sexual nymphs and other castes in large numbers 
during the multiplicative [>ha«c of tlie mounds is probably gene- 
tically determined. Various statistical tests have been tried 
to inlerprct the l)iological factors associated with the population 
dynamics of this termite.) 

3. Banetjeej B. i l9o6): d'axonomy , ecology and control of lea chest 
panel i)orers in warehouses. Svmp, Bionomics & Coniroi ofPesH : 1(K12. 

2 
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(Abs. Hcterobostrychus oeijualis VVaterh., Dinoderus minutes Fabr., 
SmoKjlon annle Losne (all btionging to the family Bosirychidae', 
I.yctus sp. (Lyctidae and a cerambycid borer huve been recorded 
to infest tea chest panels. All these species have \mdcrgone 
structural modification to enable them to bore through the wood. 
I.yctus sp. oviposits on cut or exposed surface of the wood but 
in the other species females tunnel to lay eggs inside. Soon after 
hatching, the larvae of all species tunnel through the wood. 
Each species has iis ^haracna•i'^(ir iunn<“l arclii lecture. Grubs 
arc more active at night than in day. Larval acti\'ity increases 
under Itigh relative humidity. Ch'owding inii'nsifies intraspecific 
competition and delays the development of the grubs. Godowns, 
particularly the cracks and crevices on all woodwork, should be 
first properly cleaned and then thoroughly sprayed with DDl’ 
VV. P. Infested panels should be staggered and subjected 
to a heat treatment for about 10 minutes at 90 -120'’ c. This 
will kill all tlte grubs and eggs inside the tunnels. Treated panels 
should not be slocked in the same godown where the infestation 
had occurred unless the godown has been properly cleaned and 
sprayed with DDT. i 

4. Banerjee, B. : 1966 ; A review of research on plant protection 
methods in Tocklai. Proc. Seni. Cnulrol of pest.s and diseases of tea (1\*a 
Boardj . 

Abs. Losses due to pests and diseases in North L.ast India 
are considerable. 1 he incidence of pests and diseases and their 
intensity of attack vary from place to place. About 400 species 
of insects and mites, and 190 disease causing fungi from tea and 
ancillar y crops have been rcv'orded, ilKuigh all of them mav not 
cause heavy losses, 1 he loles of pcsis and di'^eases in the bio- 
logical firmament distribiM' jii and abundance, population 
regulating mechanisms, popnhuifm ( yi les, life-histories, host 
specificity and behaviomai tt-[:i‘nsrs - an- t{» be tak<ai into consi- 
deration to get ihf be.>t in i;l ^l (aniiiul opnaitniis, Aj>plicalion 
of pesticides lo tra which pi .seius serious pjoblcms should also 
be considered. Aphis, thiijis, U‘a helopeltb, scale insect and 
mealy bugs, cockchafer ginbs. teimiu'n lotmrr and bunch cater- 
pillars, four spt:r'i( s nl miles and three specie > of eelworms arc 
importacsi ptMs, Black roi, blister bllghl, grey blights, red rust, 
thorny blight, charcoal stump rot and brown root loi are tiu* 
importatil diseases. 131)1, Tndrin and Dieldrin againa insects, 
a few nematicides agaimt ridworm, some synthetic organic 
acaricides against niiies and copper lungl^ ides again>i fungus 
diseases are of use.; 
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5 Barua, 1), X, (19(j7i : List; ol ^rovvili substances for vegetative pro- 
pagation o( ilu^ tea plant ((iami'llin sinetisis L) in Xorthern India. 
Pf'oc. hiternalional Symimium oj Plant (Growth Substances, Calcutta. 
Abs. 3. 2. 

(Abs. Ihc singlc-lcal' iuicrnodc culling is the most eiheient 
type ol cutting tor laigc-sialc \cgciative propagation of the tea 
[dant und<“r commcrtial <nuditions. Treatment ol surli ciitlings 
with various growl) i siilj>iaiici>. either in jturc ibrtn or as ] re- 
priclary buniulations, clid nut prochicc signilicant improvement 
in strike, flowcver, low concentrations '25 - lOd ]ij m of in- 
dolyl -3 butyric acid ' IBA generally had bciieli< lal eBeet^ on 
shoot growth but these imprm ements were not noliei^alde at 
higher couceiUra lions 2U0 ppm . ireatmenl ol cuttings with 
/ine eounteraeted the inhibilot y ehect of the higher conceiuia- 
tion of IRA on the sliOiit growth of an exjjei imcnial clone. Cut- 
tings treated with IBA romed eirliei, and tiie root weight esen 
after seven -nine months, willi some exceptions, was signifieantlv 
higher than the uiuieated controls. 

Spttiving of compleu' nuiiieni solutions on mother bushes of a 
elf me wliieh n^ois uiih dlliieuliy im prosed the strike of its cut- 
tings, bnt this ellVcl was not nmif 'b oji clones which root well. 
Poor develojjrneni of roots on ir • enttings propagated under 
fiptimurn physical conditions ma\, therefore, 1)C associated with 
either delieieney oi imbalance of Mime of the inorganic consti- 
luenls in the [)lant. 

It is concluded that growth suh'^tanee-' are iiiiie cesvarv for pro- 
pagating ea.sy rooting tea chuies under eommeiaual r»>ndiiioiw- 
\\ hen conditions for pn)j)agaiion are unfavoiind h* and a small 
number of plants are retpiiied lor special purpo>e'^. then tea 
cuttings may justify treatment \^ilh hm coneemratioiis of IBA. 
Cuttings with a basal node are more lespoiwise to hormone 
treatment than the intetmode cuttiiigs. 

0. Mukerjea, 1 . 1). i l%() i : Lndrin for control of Looper Caterpillar 
Biston suppressarin Cnien. on Lea. Ifidian AgticulInnsL 9 [2) July : pp. 
91-99. 


(Abs. Lal)oraiory and licld tests witli Kndiin and DDT in 
different cmiccnt rat ions for control of looper caterpillars are 
reported, (inm para live toxicity test intlicatcd the following 
descending ordei' of elleetivene-s. Lndtin I in 1$00 parts, 
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Endrin 1 in 1500 parts, Endrin I in 2000 parts, Endrin 1 in 
2500 parts, Endrin 1 in 3000 parts, DDT 1 in 200 parts and 
Endrin I in 4000 parts of water. In laboratory as well as in 
field tests Endrin was much quicker in action than DDT. 
DDT gave poorer results than Endrin in all concentrations 
except Endrin 1 in 400 part of water.) 

7 . Mukerjea, T. D. (1966); Chemical (k)iiLLol of Root-knot Nematodes 
parasitic on tea ‘seedlings in Xurlh-East India. Tropical Agriculture^ 
Trill., 43 -T} October : pp. 333-340. 

> Abs. During a period of three years, experimental field plots 
were established in commercial estates in Assam utilizing various 
soil fumigants and nematicidal chemicals for the control of the 
root-knot nematode, Meloidogyne incognita acrita and M. hapla. 
Results based on root-galling and usable transplants indicate 
that Xemagoii, Xemalox, Xematox in combination with Basudin, 
Basudin alone and Vapam in diH'erent doses gave a significant 
degree of control of root-knot nematodes as compared with 
untreated control plots. In experiments Xos, 1 and 2 all 
plants grown in treated plots had higher mean plant weights 
and the root-knot index showed that plants in all treatments 
had significantly less galling than did ilu se in tlie control. There 
were, however, no significant difi'erenccs in etfcciivencss between 
Xemagon, Xemalox and V apam., 

8. Mukerjea, T.D. 1966) : Systemic Insecticides for the control of 
Tea Seed bug iTo^ciloLorii D.ill in lex Abs). Proceedingy of 
Ike Seminar on Enlvnology Dipl. <f Z^rthgy ,, Aligarh Muslim IJnivemty^ 
Oct. 29 to 31, PP 53-54. 

(Abs. Two organophosphalic insecticides were tried against Tea 
seed bug {Poedlocoris Ictus Dali ) in the laboratory and in tea 
seed (gardens;. Laboratory tests sliowed tliat Rogor and 

Ekatin were effective in coniiolling n)mps and adults of Tea 
seed bugs. In the field investigation different doses or dilu- 
tions of Rogor and Ekatin were tried and it has been shown 
that Roger at 1 in 300 parts and Ekatin at 1 in 200 parts 
of water w'ere equi toxic ; 

9. Sen, A. R,, Sarkar, A. R. and Chakraborly, K. P. (1966); Sample 
survey’s of pests and diseases of tea in Xorth-l'.ast India, Experimental 
Agriculture^ 2 (3) July : pp. 161-172 



I^Abs. Estimates of the area affected by all pests and diseases, 
and by Red spider (alone;, showed wide variation among circles. 
Road-side bnshes were most aiiccied by Red spider, and Black 
rot was found to thrive; most on bushes near jungles or bamboo 
baries. 

1 l;e incidence ot the major pc'^ts and diseases was observed to 
reach a peak during the months May. June and July. 

1 ea bus lies on loamy soil were less susceptible to severe inlcslation 
by Red spider than on other soil types, and the sev eiiu' of the pest 
was influenced b\ cultural practices such as shade status, drai- 
nage system, time of pruning and nature fjf cleaning out after 
pinning. Scctifuis having good shade and good drainage. 

vvliirh were pruned between the beginning of November and tlte 
fust week oi‘ Hecember, and which were cleaned out properly, 
were less suseeptible to Red spider than tlio^e under poor shade, 
with inade([uate drainage, pruned later and with poor or i.o 
cleaning {)ut, 

I he loss of tea crop due to all pc'>.ts and diseases in the .\ssam 
\ alley during 1959 was estimated at hf) kg ol made tea per hectare, 
w Inch accounted for 5-b per cent of the pest -free crop, and in the 
Dooars during 19(10-61 at 127 kg of made tea per hectare, which 
was 9-10 per cent of the jtost-free crop. 

riic corresponding loss in money value ranged between Rs. 83 
and Rs, 255 in the .\ssam valley and Rs. 127 and Rs. 381 in the 
Dooars respect ivel\. despite the control measures taken by the 
estates. 


Ihe annual costs per hectare on material and machinery for 
plant protection measures were estimated at about Rs. 8 and 
Rs. 5 respectively for the Assam valley, and about Rs. 12 and 
Rs. 3 respectively in the Dooars.' 

1(J. Sen, A. R.. barkar, A. R. and Cbakraboity. R. P. 1966): Sampling 
Techniques for estimation of incidence of Red Spider mite on Tea 
C’-rop in .\orih-Kast India. lUrnnrlrin. 22 2) June : pp. 385-403. 

(Abs, Sampling led in i(] lies arc deseiilied for estimating the 
degree of in fe.stat ion ol’ pests in tea estates, with particular reference 
to Red spider mite in Nortli-East India. I he discussion is based 
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on information o])taincd from preliminary snrveys already des- 
cribed I Sen and C:hakrabarty 1 1964). Estimation of infestation 
is considered both for an individual estate and a region, 
and problems of optimal allocation within an existing adminis- 
trative framework are discussed. 

An experiment on investigator bias is described : it was found 
that even after a substantial amount of training in identification 
ot pests and diseases of tea, scon's for infestation given to affected 
bushes varied significantly lioni one investigator to another, 
suggesting the need for still more training and testing before 
the investigators undertake dclinili\'e fieldwork. Systematic 
sampling of bushes from within a section of an estate is shown 
to be at least as efficient as any alteinativc sampling scheme', for 
the same sample size. 

The possible gains due to double sampling, using a combination 
ol eye estimation of incidence in a section with scoring of flushes 
for a sub sample of sections, arc discussed. 

Estimated optimal schemes arc given, using both single and 
double sampling, for estimation of an index of infestation expec- 
ted to be in the neighbourliood of 16 ', j, with cocfficlenis of varia- 
tion of 3 i\nd 10 ',). ' 

ll. Sen, A. R. and Biswas, A. K. 1966^ Some techniques of experimen- 
tation with tea in Xorth-East India. IvxptiimefUal A^yic/tllure 

2 (2) April : pp. 89-100, 

\\bs. An attempt is made to investigate some Icchniqites of 
experimentation, based on data from uniformity trials and ex- 
periments on tea conducted in different regions of Xorth-East 
India. I he study sliowed that : 

i. Adjustment of yield due to covariance generally ceased to be 
efficient after the first four years of cxperimcnlation in rnanurial 
trials and after two years in pruning trials. Adjustment based 
on average yield over a period of lour to six years resulted in an 
increase in efficiency. 

ii. Among the ancillary x ariables of pretrcatmciit yield and pruning 
weight, the foimer proved U) be generally more efficient , but 
when cost of operation is taken into accnimt tlie latter was eco- 
nomical, and, tlicrcrorc, preferable. 4 he two variables together, 
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in a multiple regression, did not sliow any extra gain. Use of 
tl)e pretreatmcnt late ciop, from Scptcm})cr to December, whi 
generally more eHicient tlian using ihe whole season’s crop. 

ill. Cloellicieni of variation s})o\vt'd a declining tendency with age. 
the lajl being more marked up to six years of age. 1 his suggests 
that, for a given degree of precision, more replication would 
be required lor experiments with young tea than with mature lea. 

iv. Increase in plot u[) it) 18 bushes, resulied in an incred'^e 

in informalioit per replicate in Daijecling, though phus of smallru' 
size would be mtue economical. 

V. On tlu* basis of five uniformity trials in tlie Assam valley, Dar- 
jeeling and Uachar district, it was o])sen*ed that for the same 
values of cost components proportional to number of replications 
and total area under cxpeiimcnt. the optimum plot size in Dar- 
jeeling and Cachar was about half that for ihe .\ssam vallcv. 

vi. Long and narrow plots, oriented with their longer sides extending 
along the contour lines, within blocks of which the longer sides 
] ast down the sl«'>pe, proved more eHicicni than other aliernalives 
in Darjeeling district. 

vii. Systematic ])lucking of I in 2 out of the totality of plucking 
rounds, for exjnMimenls running i'or two or more years, provideil 
<‘stimates (d' treatment contrasts within 5 per cent of tlte pojjula- 
tion mean (P - 0.03' . i or a higher margin of enor, of 10 per 
rent of llie mean ‘systematic pluckiiigs of 1 in 3 or e\en 1 in 4 
would sutlice if tlu* tieatment conijiarisons wcr< based on live 
oi‘ more years.) 

12. Sen. A. K.. Hiswas, Ajit K. aiul Saiur.O. I), K. : 'flu* Inllunce 

ol C limaiit on the ot 1 (‘a in ihe .V-'sam xalh'x : J. Af.pliid 

MtU'oroloiiw .\nu ricau Meteorological Society, 5 0 . December, 

]>p. 789-8tln. 

.An atiem])t has been made in this paper to s.udy the 
elKt't ol the chmaOc lai tors on the growth ol the aunuallv pruned 
t 'a aiui its ccimponeins la the earb crop i. c.. cioj) plucked 
tiom the hegirming of the ason til! June. b^ tlie main crop 
during July t('* September which constitutes about 50'-:,, of the 
total crop and oy, the late cMop obtained during the rest of the 
season liom Oetolier to Deei'inber. 
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Data from two sources have been considered (1) long-term 
crop and weather data at I'ocklai based on 21 years (1921-11) 
and (II) short-term data on yield and rainlall covering dl estates 
of the Assam valley based on 7 years (1937-63). 

A study of long-term data at Tocklai on soil moisture, rate of 
exaporation and rainfall in relation to tlic crop suggested that 
the season could best be divided into four time groups, (a) the 
dry period during the cold weather from January to March, 
(b) the period of early rains from April to June, (c"'. the period 
of main rains from July to September and 'd) the dry period 
h'om October to December.) 


2. The following publications were issued from I'ocklai : 

(1) ‘’Two and A Bud” (Newsletter) Vol. 13, Nos. 1,2,3 and 4, 

(2j Summarised Annual Report for 1966 i Circulation restricted). 

(3) .\nmial Scientific Report for 1965. 

(4 Quarterly Scientific Report for 4th Quarter ending llKl December, 
1965. (Circulation restricted; 

(5' Proceedings of Symposium on W'geiaiivc Propagation held in 
Darjeeling by Dr. D, N. Barua. Circulation rcstiictcd . 

(6) Proceedings of the 22nd .\nnual Conference held at d'ocklai. 
T arculation restricted j 


Tea Encyclopaedia Serials (Revised) 

(1; 8 3 Black Rot 

■8) 78 2 Cricket Control 
(9; 1112 Silviculture of Shade 

Tea Encyclopaedia Serials Wciv f 

(10; 168 The use of Herbicides in Tea for ilie coiitn)! MikiViia mkranlha 
(II; 169 Le\'elling-oir, Light and Medium skiffs 
(12) 170 Deep SkiffingofTea 



REPORT OF DEPARTMENTS 




SOIL CHEMISTRY DEPARTMENT 

S. K. Dkv— Soil Chemist 

With the intraduciion of the revised ):)n),t^iamme of work, the main 
emphasis has been shifted from leaf to soil analysis, witli the object of pre- 
paring soil test summaries on a regional basis to di'line the fertility status 
of soils under different ages of lea. Jt is hoped that these values will offer 
a rational basis for advisoi y purposes, both ph\sicnl and chemical factors 
are being examined. 

Concurrent with this change, departmental activities have been broadly 
reorganised under the categories, namely fa.i soil and agricultural chemistry 
and ^b) soil physics and agiicuUural mctenrnlogy. Research activity 
has suffered in the past because of inadequate fael lilies, but remodelling 
of both the soil chemistry and soil physics iaboratorio is now almost com- 
plete, and this should speed up routine analyticLiI procedures. Neverthe- 
less it is a [)lcasure to record that although llie ye.ir proved a consideraljle 
strain and ])rogress of e ):istriietion and jnoe ii erneiU (j 1 eqtiipmciu was 
undesirably slow, it proved to he potentially fiuitful because a soui.d 
basis was laid for the development of future research. 

From the intensive leaf analysis data gathered in the past reliable and 
dilical values for the major mitriems cannot l)e eUtiblished upon which 
f(‘rtiliscr iccommcinlations can be oUercd. Moj cover the analytical data 
<iic often dilheuit to interpi el he< .4use of llieir ititerplav with many factors. 
Carefully eraitrolled sainj)ling and refined tee]iiii(|ue ol tissue analysis liavc 
done little to improvi.' inalteis. However, foliar anal\sis will continue 
to he used partieiilarh toi those situations where the advisory problem 
suggests a need. 

KlbSKARCdl AND RXFKRIMl.Nl 
Soli. Pnvsics 

(S. 9i ia' and b Setting up of soil physics laboratory and 
establishing analytical methods and comparative survey : 

1. Structure measurement —An analytical metluKl has been 
c.'-taijiishcd f<a‘ the ineasurcmonl ol soil aggregates ol \ ar\ing si/.es and has 
bc'cn cxlcnsivcl) used lor a siiiac) project as well as for occasional routine 
soil samples from tlic estates. 1 he consistency ol the mediod has been 
tested statistically from ri'peat analysis of the aggregates of Narions sizes. 

I he statistical analysis showed iliat by using tliis method, percentage of 
the soil aggregates of various size*^ can be estimated with equal precision. 

I lie codheient of variation of the estimates n| soil aggregates under 
dilferent treatments was foaiul to vary between 0 2d percent, irrespective 
of the sizes of the aggregates. Some of the !e>ults o)' aggregate analysis 
hoin various situalitni.s are jnesented In fahle 1 



Table /. ttrta(y.a\ oj uii/\ {fufi .'M < m sizn. eKfniXSfd a\ bry ten* on dry weight) 



al |>l«il. pntnini'v st< >lt ti jjlaiiti 
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Data picscntc'd iii l’al)l(^ i also show that ilif soil ip^.^rcgati’s (lia:ia-ast‘ 
.ij)|)i(H ial>K' as \v(‘ liotn hamhno hai i [fi nitshadrd f)I(l tra or bare fallow 
land. Soils luuler i^rass or loi^uniinoiis rrops apjtear to have a ^ood state 
of soil a.i^^negalioii. i here lias I)C ‘ii a l;dl frotii 2h to jjca eeiit in the 
a<;‘^ 4 iri;^aiion value oj tlu‘ top loot (A soil lollowini; tie- renio\al of jtJitnin^^ 
litter for but one year hoiii 10 yat old ie<i at Boi bhetia. d lie treatments 
e\aniin(“d are not eoriij)arable in a«e. but jane the ratiL,^: of dilferenees 
taking hainboobari soil as the stalling pf)ii)i and yardstick. 

Subsoil data from siinikir sitnations also show a ver\ inta h similar 
nend in the changes of soil aggieg.iteN with lre<itm(“nls. Data are pi\wrnted 
in the fable 2. 

hihh' 2 . nf f he <-! v>ii ni (he l»p aud 

unde} hnif/fh /!(<, dut-i tut “-tii d} \ a tcjit 

hn.d\ 


! Veaiments 


Pet f'entau< s of total soil a'-te legates, 
0.2.3 to .3 mm 
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\\ eeping love grass, neai lv nin‘ 
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73 

11 
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21 
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i 
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survex was e^nulueted at Ilnnwal f. 12 oeai” I'oeklai to examine 
sitil aggregation on elear-lelling jungle ateas and atljat'ent held'' which 
had hcen under tea for x.uMng lengths o{’ time. 1 he nulv \ irgln jungle 
Wits lound to be high in total pei<‘c‘ntage aggregates with a value of 70 per 
Tilt whi('li is ol’ the same order as if, at < [' (Ij jiei cent lor thi‘ bamboobari 
soils shown al>ove. (his survey also suggests that \\heii virgin jungles 
are elear-lelled bellne jdantlng te«L soil aggregates eollajwe probablv as a 
lesnli of ihes(' being ('xposed to th(' ix aiing aeiitm (^Ifain as well as due to 
I apid destrnel toil ofs(»il oigaiiii matter caused l)v ilirec t insolation. Hut once 
a complete ground (over of tea or lover eo;j) is established, ito lurlher 
d' lci ioration in soil aggrt'gatcs taki's place. .\ substantial inerease in the total 
perei'iitageoi soil aggregates was also observed between the niedimn age and old 



lea with tlie proj^rcssivc iiK.oiporatioii of pruninu“ litters hack into the soil 
as the tea grow older, d’iuis in spile of the lo^s of structure in the prelimi- 
nary yc.irs, good management of tea, whereby organic matter is returned 
to the soil, offers an unique opportunity of rcstf>ring the physical condition 
of the soil towards its virgin status. Subsoil aggregates appear to ])e less 
sensitive to management praeticc>. 


2. Texture measurements -Our aim is to find out ai whether 
all the profile samples o( differcni sites are ba^lcallv same Iroin tlic textural 
point of view, and h' whether mechanical analysis can provide a support- 
ing evidence towards soil aggregate l)eha\ lf>ur with the ])eriods of cropping. 

As far as is conrei ned , for all practieal jnir poses, soils of the diffc- 
lent sites included in this study can he c!as>iile(l uulIci' the same tcxliual 
class. The observed changes in soil struct ure are, therefore, independent 
of tlie textural propert) and are hronglu about by cultural practices. 

As far as h i-^ concerned, mcchanieal analysis results do li)Ilo\v the 
same tiend with the period ot cropping, as has been observed iii llu* ea.sr 
of soil aggregates. Data arc at jircscnl being c-rllii ally examined aiuL as 
such, detailed report on this aspect i^ kcjit iti alicvanre. 

3. Single value physical constant measurement : 

i) Collection of undisturbed cores of top soil ~ I land samplers 
have been fabricated localh’. ba-ed on the design published by tin* 
Physics Division of ihcl'ast African Agriculture and f’nrestrv Research 
Organisation. IT these samplers standard soil cores uf 10 cm dia- 
mctci and t in dv'jjtli occupying a \’ohimc ol t)/4 cc. can be collec- 
ted. 

(ii; Volume-weight measurement-A olume-wcight measure- 
ments are being ma le on a large number of core samples 

together with structure ami tenure mcasurcmcrils. Results 
show that ‘‘old tea soils arc appreciably more compac- 

ted as compared w'ith either virgin or young or medium 
age tea soils. The order of compaction seems to be very much (he 
same at all depths of sampling, namely 10, ;?0, 60 and 90 cm rcs- 
peclivel). It Is, however, dillieult to undei^tand how^ in spile of tlie 
increased .soil aggregation of the ‘'old tea*’ soils, tlicy arc more 
compacted than cither ‘•\'ouug or medium age'’ tea .soils. Volume 
weight measurement abo provided us data for expressing tlic nutri- 
ent contents of soils r>n k<g |)ei hectare liasis. 
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jii Pore-Space distributioti -An a}>ortiv(‘ altcmpl was made U) 
(lelrrmine the total porosit)' of soils in an indii cct way from S])ccilic 
i^niuiK and l)ulk density data nsiie^ llir* equation 
S 1) 

V ' lUO, wheie T ■ total pore space, S - specific 

S 

gra\ iiy and 1) hulk density. In licit of sopliisticated equipment, 
an estimate of Meld (kiparity moisture percentage was attempted 
|<)i rail I ol the soli ernes eolleeled by using a method suggested 
for ioR st soils h\ W ild(‘ and \ oigi Soil and Maiit Analvsis for 'Tree 
Cadlure, 1961. Oxford publiealion . i he results, however, are 
not jii'f uniting, most probablv beeauM- tho method does not provide! 
for draining out excess moisture h orn the s<it in tiled soil crii i s at 
atmosphere. 

Some essential soil ])hysi('s equipincni i> auaited from Colombo Plan 
sources, and it is hoped to make oihei' in ins on the station wiili the heljj 
ol the Researdi I'higineer. 

(S. 10, ab Soil water : 

Both moisture rontimi gra\ imeti'ie soil moi>nue estimate and moisture 
len>ion {gypoim block measurement ha\ e hern meaMired at weekly inter- 
vals in three irrigtilion trials namely B 20. B 29 and B. KHj 4 at Borbhetla 
Meld Station. b(“giiming from the cold weatlier of 1961 until the first week 
ol April. l'>67. 1 lu'sc n iab are < oiulurted 1 j\ ilir Agi ieulture Department. 

(Alindric.d g\p'Uiu blocks an' made in this Department, according 
to the method reeiHunietided l)y (he Hast All lean Agrieullure and i'orestrv 
Research Organisation, (npsiuu blocks aie tested against molsiure tensions 
under laixuatojy (ontlilioMs pilui to imlalliiig them in lields. A close 
agieemetil h.is been nl>S(n\fd between the brhasiour of different blc'eks 
as will be i)]n<*rM’d from the following table, 

Table ‘J (<1. litfafion bthta n un'Tlnu Itnunn (it ) un.: nu -.(irflfnl af hoire nuidt' ayf^yw^’i 
hliit'l.s, u/iticr labnt il<’>r (Ondill'Hi'. 

MiMsiurc nieter rf;ulin" I'm t-mac!** nuiisu.M* conleiu ol'in nsitin bloi ks 

. resi,aaiKc) x - . 1 

mnk j Block J Block .1 ; Bl. ok 1 Bl-(k 5 ! Block u’ Moan 

Bl.-I * in. I j sd.ii ' 17.2 ■ oil. ! ! | :>l,i 
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I nur gy])siun lilorks wcir ])lai Od al rocktai in one square foot area at 
a depth <)[' 13 cm tngiaiier with iui (’Npensi\c imported hloek to serve as 
the ehcck. d he blot'ks were placed <ind left iu .\//// during tin* dry season 
of 1966 h7. irrigation was given in the beginning to bi ing the soil to 
Field Capacit)'. Simultaneous measuremonts of the gravimetric soil mois- 
ture content and tlie moisture tension were made, From the time the 
plot was brought to Field (lapacily it was allowed to dry until it nearK 
reached estimated Wilting FoiiU. Data pirseuled in dahle 3 ihi show 
a ('lose agreement between tiu* readings obtained from homo made bhx ks 
and the imported block. 1 hough the range of soil moislure content Im*- 
iwi'on laelcl Capacity and Wilting Foini !> nairow, yet die drying curve 
s(‘enis to follow the tlieoretic.d pal tern. 
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^)o^silJle diat foi this pal ti 

ular Mul dn' Fit'Id ( lapa- 


eilv moislure conteni ahoiil 17 percent on a (by ',\<i'du !)a'^is. and Wilt- 


ing Foini about <’ pi t cent. 

However. g\psnm l>lo(kN \slien installed al depths between I to 7 feet 
at 15oil)lu';ua irrigaliim trials, and left in position from XoM'mher, ’63 to 
January, ’67, which period co\'U'('d hoiii dry and moinoon conditions, 
vicldcel tension data whit h completely lailcd to show a (■:onst>ienl relation- 
shij) with gravinuarie soil nioistme eoiuenu. 1 lie reason for this une.\- 
jKXted and erralie heli:i\ ioi(r has iiot yet bet ii i xplaiiud, and is under 
intensive investigation. Al th(‘ tuiicofwiiUng it sec'iu'' jwssihle (hat g\ })suiu 
(lisiniegnittd dining the tnonsoon period \'dien the soils are conlirinoud\ 
very wt t. 
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It is ({uilo rlcai that midcr l3f>rl)li(‘Ua conditions at Irasl iosislancr 
incasmcrncnts as at pirsmit takru < annol Ijr ii?jc(l to i^ivr an imliration of 
flu* soil moisture status. 

i'lic soil moisture rniiient was estimated gra\'imctrieally for one season 
from tlie non-irrigat('d plots of experiment B. 100, 1. The data show that 
the soil water use is liighcr in the case of impruned than in the ease of prun- 
ed tea, irrespective of llir de[)ths of sampling, liowever, similar estima- 
tions made in the single plot trial I'ixpt, B 20, at I'ach one foot layer to a 
depth of seven feet sliowed no difference in (la* soil moisture content nf 
pruned and unpruned non- irrigated plots during the period Januaiy to 
March, d)7. 

Another nncxpcc icd oh>ctAaiion made in the Irrigatinji trial B.lOO 4. 
where even in tlte irrigated plots soil water use harl been found to he higher 
iu tlio unprtincd than in llir pruned tea. Ilo\eever, the differenrc'i are 
not as wide as is the case wdth the non-irt igate<l pruned and unpruued 
teas. Data are now heiug statistically analy'‘Cd. 1 lie dlllrieiucs in tin* 
soil moisture content in terms of cm f>i“ water heiwcen jn uned and unpruned 
teas under boili irrigation and no-irrigation treatments are shown in I able 
-I data from field expeiiment B, lOh 4 . 
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1 he slriinge and nncxpected behaviour ol' block and gravimetric read- 
ii.gs taken from held trials wliieh spaned both the dry and wet seasons 
d^^<^j•lK)iIltlng and aggravating. Clearly lime will n<nv iiave to he spent 
.,!i diagnosing and rectifying the causes of the troubles and satLsfaciory 
lonelusion will probably not be possible until the arrival of the sophisti- 
cated soil physics equipment. Inevitably our planned research programme 
nnisi I'all behind schedule because of these unroreseen.'i. 

S, 10.) (b) Water table measurement : 

Weekly ground water table measurements at Tocklai and Borblietta 
3 miles fioni loeklai; were carried out during last year aiid tliese data 
were compared against weekly l i-'C and fall of the Brahmaputra river h:veh 
I he latter is 13 klloineleis from loeklai as the crow Hies. 1‘rom the present 
ground survey lc\'els the Bralirnaputra level in January was found be 
HIO cm ! 13 It. I in.; beimv the ground waten- table at I'ocklai and Borbhctla, 
i)ul during llie monsoon between July and Sejjtember, there appeared to 
be very little diilercnce l>etw'cen the Brahmapuda level and liie other two. 
Ikcaiiso of the potential signiiicance of these j)reliminaj y hndings apiopc.s 
diainage methods and problems on estates, an acetuate gjotmd sutviw is 
planned to establish exact lefciem e le\els I'or tlic three sites. 

(bound wait'i tables Ix'low the soil sui'face at Borbhctla or loeklai 
lia\e been fouttd U) llnetnaie lx iwecai roughh’ 90 cm 3 feet during the 
monsoon and 1^10 (an 7 left during the cold dry weather, whereas the 
lhahmapiuia relative level iliK mates between 90 can 3 feet during the 
mnnsdoii and GOO cm 90 j'eet dnriieg the cold dry weather. 

Water table niea''iuvmeiit' are tiow lieing can iial out on the Xorih 
Iknik and in (ktchar tluongh the c< voperaiioii of the Advi'^oiy (blliccrs. 

Amsicta.i vkai. Mi: rFoK()L.( k.v 


'S.8i ^a) Penman analysis : 

Meteorological data, collected at four sites, i epresenting the major lea 
powing areas, liave becti used with IVnman formulae to give estimates 
>l c\uporaiion. In due course, it is hoped tlicsc c\siiniates. when used in 
onjunction with soil water studies, will gi\e infctimalion on the tianspii i 
tonal recjuirenients of t<'a in the \ariuus areas. Table 5pt shows the 
•Vrun.ui estimates ol esaporalioii according to site and month. 
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Table 5, {a) Penmvi of eid/uialhn (T^) from '.UHlhir data Jor dijfercnt meleoro^ 

lotiical 'itatmis in \orlh luut India. Monlhh mean estimates of a'aforalion fur 
h yrars (IWO -65) and iftt'ir coeliicicnb of iw iation 


Month 



Penman estimate, l',o. mm 

'niuiith 



period 

'Pocklai 

(Assam) 

Silcoorie 

(Cachar) 

! Nagrakata 
(Dooars) 

Nagri ] 
(Darjt 

'arm 

■cling) 


Mean 

,CA',% 

Mean 

C.V.‘>o 

1 Mean 

C.V.O,, 

Mean 

G.\h 

jaiiuarv 

bd 

1 > ) ' 

79 

3. 1 

72 

4.4 

59 

3.B 

Pfbruai \‘ 

n5 

lo 

98 

4.8 

97 

4.7 

77 

3.b 

March 

IJU 

■> 

142 

4.7 

14b 

3.2 

123 

2.9 

April 

14t. 

5,3 

IbO 

5.0 

IbR 

4.0 

133 

4.9 

M.iv 

151 

1 2.8 

1 75 

> ) 

182 

3.8 

137 

3 . 1 

June 

14^1 

I 3.7 

1 15 

3. 7 

137 

2.8 

113 

2.4 


15(1 

4.0 

l.'iO 

5.4 

133 

4.8 

110 

4.8 

Augiiii 

1-n 

4.4 

151 

t.b 

134 

5.1 

112 

4.8 

Septein)>rr 

Ida 

2.0 

146 

4.2 

133 

2.4 

109 

3.6 

October 

1:^0 

3.9 

130 

2.1 

131 

2.9 

107 

2.7 

Xovenihcr 


2 . 3 

99 

0.3 

97 

i.8 

75 

3.9 

December 

bd 

1.5 

77 

2.8 

73 

2.3 

58 

3.1 

];ry I 

period j 

424 imn 
17 in. 


495 nirn 
20 in. 


485 mm 
19 in. 


392 mm 
lb in. 1 


Wet j 

1,004 
nun 
iO in. 

1 

L057 

inm ; 
42 in. ; 


' 1,018 
mm 

40 in. 

1 ' 
i 

825mni 1 
nun 

33 in. 1 
! 

1 

j 

f .Mai per 

vf,ir 

IdJb 

linn 

7" in. j 


1.5)2 

Him 

<'2 in. 

.J 

[.,503 
nmi 
fin in. j 

i 1 

i 

1.217 ; 
j mm i 
19 in. 













Eongiuidc 

[.atitude 

.Miittidc 

Pocklai ; 

! 91 12' K 

26 47' N 

06 . () m (2ai It) 

Silcoorie : 

92 UV \- 

24 50' \ 

! 39.6 tn (130 ft.) 

Nagrakata : 

1 mfiV E 

26 -.54' N 

226.6 rn (759 It. ; 

Nagri P'arm : 

aa 12' E 

26 55' X 

j 1,1 5a. 2 m :3,auo It.) 


lea ill Africa has been found to transpire b 5 per cent of that predicted 
by the Penman estimate, Should the correction factor turns out to be 
about 85 per cent for North East Indian tea, then about 16 to 17 inches 
of water will be transpired at Nagri Earni and 'Pocklai and 19 to 20 inches 
at Nagrakata and Silcooric respectively during the dry months as against 
an income of 7, 5, 4 and 8 inches of rain at Pocklai, Nagri I' arm, Nagi akata 
and Silcoorie respectively over the same pciiod. 
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To assess ihc \ear lo )ear vaiiabiliiy of ilie Penman Esiiinate at all 
ilic foui meteorological sites, an analysis has been made of each of the six 
years* meteorological data separately, from 1%0 to 190.‘). Results of the 
ajialvsis are given in Table ? (b;. 

Tabtr 5. h Yearly evapijration m mm for the JtJferaU metemufoifual sihn 


Mcicoro- 



War 



L.S.D 

logical 

Station 

1 j 

I960 1 

1 

1061 1 
i 

PM)2 

1963 i 
1 

1964 , 

1965 

5",, 

Tocklai 

I 

1,-144 j 

1,449 

1 l,‘n2 

! F574 ; 

1,404 

no 

Silcoorie 

: 1,615 

: 1,627 i 

; 1,609 1 

1 1T59 : 

i ! 

1,488 

i 120 

Xagrakaia 

: 1,592 

; 1,503 

1,561 

1 F447 

j 1,502 

1,419 

108 

Xagri Farm 

' 1.257 

i 

1 1.272 

1 

1,218 

1,190 

j 1,195 

1,170 

103 


Year to year varlatioji has been found to be signilicant at Silc(X)rie and 
Nagrakata wliercas no significant variation has been si town 

at To<'klai and >iagri Farm. 


1 lu: b'cqurJit.A dbliihutioil ol e\aporain<n <>\ci thr \y\x] lot the four 
nicUM'Kjlogical >lalioiis has bet a fountl {n in- luainal. Av( i agr iiu icH olo- 
^ical roiulitions weie next cak nlaied for ten das units a*- from the Jii>l 
januarv each sear loi all die inctcorologiral sites and ii i as maity \ears 
as »i olugical measurenieiii' are avadable. 

(S, 8.) (b 1 Radiation measurement : 

III the caleulation o! Penman’s estimate nl 1.^ . to give an e^iiinaie of 
' 1)011 wave ladiation iju:t)ine. hemrs of bright 'Unsliine from a (;ampl}ell 
Stokes Sunsluiu' Recorder have been used instead of taking <Iiieet readings 
of radiation t'nun die botanical Oepartment solarimelei anti aelinographs. 

As a matter of iniercsi liic coinputed values of total incoming short 
wave energy in gm eal.'cm- per day for each ten day unit for I9b3 at 'I'oek- 
iai are compared against actual measured values fiir (lie ronesponding 
peiiods recorded by the acliuograph at the Botanical Dciiartmeni. By 
plotting logarithinis o|‘ the estimated valiK's v against actual measiire- 
uu'iits r>f radiation x a linear i t lationshiji was obtained, ( he goodness 
of (it was ie.sted and llmnd to be statisticallv signilicant. 1^ (>,()()] and 

i- ti/i2. Tlic cijuation relating ilic^e measurt inents is log y l.i{9- 
ffotilLM ; . i licre is, thcrell^rc, a strong jiossibilitv of calculaiing incoming 
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shou w'iwc for outsUitions using tlit* staiidard sunshine rceorch'i- 

iti-stend ol using more costly equipment. An aniuograph is now sited at 
Xagrakata and it will soon be ])t)ssihir to lest this liyjX) thesis again under 
Dooars conditions. 

S* 8.] (c) Rainfall analysis : 

ihe disiiibution ot rainlall betueen day and night has been analysed 
horn 8 \eais data at locklai. It has beeit observed that on average during 
the day 0600 to 1800 hrs. 1. S. 1. 703.-I mm ^27.7 in rain fell per year 
as against 1,297.2 mm .31. I in.) during night .1800 to 0600 hrs.). Also 
it has l)een observed that a))out three ([uarters of the total tain fell between 
i0(K) 0800 hrs. urcspccti\ c ut the ''Cason. 

8. (d) Routine meteorological observations : 

Records of observations for the four dilTereiu incteoi olggical stations 
lor 1900 are given in the appendix. Meteorologieal summaries based on 
the past data recorded at difFercni rnetcorologirai stations have been pre- 
p^yed, and these will be issued in the form of a bulleiiii for the use of'l’ock- 
lai scientists. 


Son. .AND AGRlOL LTLnt.AL ClIiMIStRV 

(S. 9.) a, and ^^b:. Setting up of chemical laboratory and estab- 
lishing analytical methods and comparative survey; 

Jhe reliability ol the procedures used lr)r c hemical anab d'. of ^oiU and 
pljtu materials have been critiealK examined and found satisfactory as 
can be seen from i'able 6. 





In ihc above wvik in cacli batch of analysi^ij a sl.nidard known sample 
vwis included with a view t« rompnrin" the recovery data and as a safe- 
guard against gross errors. 


SURVEY 

The broad roncUisions drawn from the data on the chemical .status of 
tea soils at varying period of cropping arc given i)elow. These conclusion^ 
arc baNcd on such soils as have been analysed at the time of wTiting. Rc- 
rerence has already been made to physical analyses under ihc section on 
soil physics above. 

1. Soil acidity status -Both top and subsoil acidity in tea areas 
inereascs wiih the increased period of cropping due to the leaching of ha.sic 
nutrients by the earlx^nle acid in soil \caicr as well as due to the action of 
sulphate of ammonia. I'his incrca.se in soil acidity attains maximum iii- 
tensily during tlir early \'ears of cropping, i. e., between the period virgiti 
to young lea. which covers about 10 years. Subsequently the rate of in- 
crease falls because of the already reduced content of bases, mainly calcium. 
Thus under the same qu.uuity of leaching agents, dificreut soils may show 
different ortlers <T increased soil acidity, and this will depend upon the 
initial base status. Average data for top and subsoils of the different profiles 
are given in Table 7. 

Table 1. Changes in the soil aciditj^ statas with the period of cropping 


Dcptti \ Age of cr(>pping tea 


j Virgin 

10 yr. 

old tea 1 

20 yr. 

old tea 

1 40 yr. 

old tea 


; pH 

lime 

pH 

lime 1 

pH 

lime 1 

pH 

lime 



req. 


req. | 


rcq. 1 


req. 

0-30 cm 

5.U 

1195 

4.69 

1455 

4.72 

1715 

4.41 

1894 

30-^ cm 

1 5.16 

1386 

4.65 

1634 : 

4.83 

1976 

4.59 

2111 

60-90 cm 

' 5.1G 

1675 

4.72 

1874 1 

4.84 

2204 

4.60 

22Ha 


2. Base exchange capacity and base saturation of soils : 

Xo relationship has been found bctwxen the base exchange capacit) of 
soils and the age cf cropping. On the other hand base saturation 
appreciably decreases with the age of cropping as a result of the leaching 
of basic nutrients. Roughly, threequarters of the replaceable calcium 
and four-fifths of the replaceable magnesium contents of soils arc lost 
(jver a 10 vear period under cropping. 

ill this coiUexl, loss of soil calcium may bo interfering with ihr elliciency 
of applied nitrogenous feruliser, because rate of iiitrifiration may be a lif- 
ted. To test this liypothfsis, field trials have been laid out in Hillerent 
tea areas with the co-operation of the .Xcivisoi v Uep.artmeni, 
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Low magnesium status may also be limiting crop prodiiciioii. In a 
rehabilitation trial on oltl lea soil, magnesium dressings liave been given 
with a view to examine their effects on the growth of replanted tea. 

'Fhe decrease of tlie replaceable calcium and magnesium contents of 
the subsoil layers has been found to l>e small as compared to the top soil. 

Average data for lop and subsoils of the different profiles arc gi\'cn 
in 1 al>lc (). 


itthlt //. Decrea.ye ej perceniaj^e base saluTation and lefdmedble enhinm and nu\one^U<ni 

conlents of soils over iO years fropfdn^ 



\'irgin Soil 


f)l(l 4V 

a Soil 


1 

' IVireni 

( !alrimji I 

' Magnrsilini 

IVrrrnt ! 

Oalciiim 



1).1S^* 1 

sain. j 

kij.ha j 

1 

kir ha 

ba.sp j 

j salti. 


lia 

0-30 rni 1 

37 

1312 ^ 

! 3 IK 

i 10 

I 203 

71 

30 (10 cm i 

2(1 

0»12 

2 IK 

j 11 

I \u7 

127 

(lO 00 fill 

22 

aoi 

! 2fi(l 

L " ..J 

4(A) 

101 


3. Nitrogen and organic matter content of soils — Roughly 
O.UOO kg/ha of organic matter is lost in 40 years crop[)ing in spile of the 
addition of a minimum of approximate!)' 3,00(1 kg, ha of pmning litter and 
2.000 kg ha shade tree litter as dry organic matter annually. Simulta- 
neously about 700 kg ha nitrogen is lost in spite of die addition oi 2,500 
kg ha fertiliser nitrogcti. 

In general top 30 ern (1 ft.; layer of an old tea site 1 years^ has 
0.074 per cent nitrogen content, as against 0.1 per cent nitrogen content of 
virgin soil. There is reason to believe that fallo\vi]ig an old tea area witli 
good green crop before replanting, the loss ot 700 kg ha nitrogen as has 
been observed over a 40 y ear cropping period can be replaced. 

The loss of nitrogen in subsoil layers over the same period lias been 
noted to be half of the observed loss in the top soil, wliilc organic matter in 
subsoils decreases bv almost the same rjuantity as that of the top soil. 



Data on the loss of soil nitrogen and organic mi Iter content over 10 
year period of cropping are given in Table. 9. 

Table 9. fjisi of \<nl nitrogen and organic matter content whh cropping 


Depjli 1 

\4igin soil j 

OM tea soil 

1 

1 Xitrut^cii j 
1 ka ha 

1 

Organic 
carl)on 
kg ha 

Organic 

I maitcr 

1 

Nitrogen Organic 
kg, ha 1 carbon 
i 1 kg/ha 

Organic 
matter 
j kg/hu 

0 -30 cm 1 

30 (10 cm 1 
()0-l>0 cm 

3.301) 

2.335 

2.1(11 

28.(100 ! 

21.913 

1H.9B9 

49.200 

37.090 

32,t)bO 

2,(100 i 23..30U 

2.079 ! 17,193 

1.79(1 j 14.373 

1 40.-30;) 

29.372 
2h722 


4. Phosphate and potash content of soils — I'he changes in the 
available phosph ue and potash contents with cropping in top and sub 
soils do not seem to follow a clear-cut trend. I'here is an indication that 
available potash status of soils remain practically unaUccted and available 
phosphate becomes depleted after 40 years of cropping. However, in the 
first 10 years of cropping over half of the available potash seems (o have 
been used by the crop, rhis loss gets compensated at the later period of 
cropping and potash content again rise to the initial value. 

Available phosphate content of the subsoil layers has been found to be 
practirallv nil, whereas availaljle potash of the subsoil layers has been main- 
tained at a certain level over the entire period of cropping. 

'fhe complete absence nl available phosphate in the .subsoil iu s])ite ol 
their total phosphate contents being 1,009 to 2,000 kgdta, possibly means 
th.it these phosphat(\s are pcimanentlv lixod. In the c.ise top stjily the 
available pool man have been bnilr up through application of soluliie 
phosphatic fertilisers. 

Boili total phosphate and potash contents of soils after 40 years of cropp- 
ing practically remain unch.inged from thos(" o) viigin soil contents. 

Data on the total and asailable p]ios])ha(r and potash •ontents of 3 
feet soil profile as alfc< te<l by cropping are presented in Table 10. 

Table 10. Phosphate and folnsh {ontents of a .7 jeet soil projUe as atieeted by 
croppuig period 


Age 

r<ual l\>b. 

Available PT 

Total K ,0 

Available KT 


( Kg ha } 

1 Tg^ Iia j 

■kg hai 

j {kg4(ai 

Virgin 

.3,04:) 

' lOf) 

0:3,000 

* l.oot) 

Young 1 

4,040 

30 

1 92,500 

tloo 

Medium i 

4,3X) 

15 

1 111,000 

700 

Old 

.3,0)4 

20 


} 000 
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5. Loss of soil bases (mainly calcium and magnesium) due 
to leaching- It Iirs been observed that the loss of calcium and mag- 
nesium due to leaeliin,^r takes place not only liorn the available source but 
also from tlic reserve source. Roughly 50 per cent of the loss of calcium 
and 70 percent of the loss of magnesium from a 3 feet soil profile is contri- 
buted fiom the I esei ve f)r non-availahlc source, from the present study 
it is deduced that 4.) kg;lia ealeitim as calcium carbonate ccjuivalent is 
lost horn tlu' a\'.iilabli.‘ pool lor every 1 12 kg ha per annum sulphate of 
ammonia application, I Ins figuie ol calf iiiin lo.ss closely resembles values 
repoi ied ('arlier. Hut since loss of iion-availabh' calcium and the entire 
(piestion of magnesium liave not been taken into consideration in the ear- 
lier calculations, it apjjcars that die loss of soil bases has in the past been 
giossly underestimated. 

While taking into consideration loss of magnesium and the loss of re- 
serve calcium, the present study indicates tliat 168 kg ha bases as calcium 
carbonal(! will be taken out of tlie s(jil for every 1 12 kg ha sulphate of ammo- 
nia ap[)liraiion, which is very much higher than (he previous estimated 
loss. 

(S. 9.) ^ci Effects of management methods on the chemical proper- 
ties of tea soils : 

i' Sulphate of ammonia at varying levels and frequency of 
application- Seasonal ellects on nitrogen removal by plucked 
shoots have be<Mi studied in detail on montlily .samples and tliesi* 
eliects iiav e been found to be statistically ‘^ignilicanl P ; 0.001] 
as has been reported last year (see .\nnual Report 1065, pp,28-31 
for this work samples were drawn fiom the field trial laid out 
by the Agricnitiiie Depai tuKau. 

\'n) Large scale trial of shade and manuring Botany 1 b — 

Soil .samples from J depths, 0-15, 15-30 and 30-6IJ cm are analvscd 
for pH, loss on ignition, nitrogen and carbon contents in tlie 
fust year when shade trees were removed from tlie five acres of 
^’uo shade ])lots, Xo difierence has been hnind between “shade*’ 
and ‘hio shade*’ plots in tlie first year. 

(S. IL) (a), soil rehabilitation trial : 

Tfi( ■sc trials have lieen hud out in collaboration with tlie .\giicultnrc 
l)c})arlment. Soil sunph’s have been collected in the lirst vear arc-utl- 
iug to jjiogiainme. 



(S. 1 [.) (b). Museum grass plots at Borbhetta (Agriculture Depart- 
ment) : 

Vo screen the elYects of different species of grasses on the soil physical 
and chemical properties, samples are collected at 2 depths, 0-15 and 15-30 
cm, and anal\scd for loss on ignition, nitrogen and carbon contents. 
Physical analyses could not be done before the grasses were planted out, 
because of the absence of a suitable equipment. 

(S. 11.) (c). Soil reclamation trial : 

One trial has been initiated in tlie Nilpur T. K. (Xortli Hank) in co- 
operation with the Advisory Departmem. i’wo trials in Dooars will be 
started soon with the arrival of the appropriate chemicals. 

(S. 12.) Analysis for advisory purposes : 

7,600 estimations were carried out on 3,405 soil samples from tea 
estates for routine advisory purposes, over and above 5,100 estimations 
carried out under different research projects mentioned above. In addition 
analyses were made occasionally on mulching materials, manures, leaf 
and water samples. 



BOTANY DEPARTMENT 


D, X, Haki'a — Senior liotanijit 
\V. HADriKi D- Plant Physiologist 
P. K. Baki'A- Poianisi 

SlAi'F 

i\Jr. P. K. Barua, lioianisl, was on annual l<‘a^c IVoin 1st Septcn)l)cr 
lo 9ili Xo\ ember and retired on 10th Xcnemln i', lObh al'ier serving the 
A.sst)ciation (Or So yr^ats. 

Dr, M. Cl. Basil, Plant Iheeder designate, resigned and left on 22nd 
I'ebiuary, 1966. 

Mr. M. P. Bezbaruah was appointed Plant Breeder from 2nd January 
1967. 

Mr. W. Hadiield, Plant Physhilogist, was on home cum study lca\c 
fiOin 13th July to 19th September, during which he visited ‘■cveial research 
laboratories in the United Kingdom. 

Slid'. R. Ihizari, Senior Nfm-tcehnieal \^d';laln> retired on 3Ui August, 
lOttt), 


Sii .Surcswsn (lOgoi B. Sc. .nul Sri Pralulla ( haiidi<i Sarmah B. Sr, 
wci e apj><)inted as Junior Sciemilie As.si^iants from Isl Xdwember, 1966. 

RKsi:.\R( 11 AND i:xppri.mi:n r 

. b2h Trial of biclonal seed : 

d hree <ii the biclonal stock'' iiiidei liial arc showing proinivc aral the 
parental clones oj <)ne of them are likeK to be released in the near luturc 
lor the prodiH'tion of seed on a eomnK'i ci.il ''calc. 

More trials and obser\aiion plots were laid out in diderem parts of 
North East India \vith all die stocks. 

(B2a: Tea Breeiling ; 

With the appointment of a Plant Breeder at loeklai. it will luiw be 
possible to make a proper asscssmi'iit of the past work on lea breeding 
carried out at the Station and to plan new lines of investigation for ihc 
production of improved strains of tea. S(une pi(\gress lias already been 
niade in eyiologieal examination of the clnom<>somcs in lea. and on iinlnet- 
lon o{' polyploidy by mutagenic chemir.iU ami radiations. 



( / Release of vegetative clones : 

inoiv segctiiti\'c cloiios, TV 11 and I V" 13, have beCii selected 
lor release in 1967. 

I V 14 is a SIWXDARU elniic similar to clone 19/29/13 {I’V 1) in 
size and appearance of ihc leaf, cup-characters and yield under Borbhetta 
conditions. Ihe clone can he used for Orthotlox as well as for Cut-leaf 
systems ot manufacture. 

i'V" 13 is a YIELD clone similar to clone 3 77 lA’ 8) in size and appear- 
aii'-e of leaf. Ihc clone is hi^dily pubescent atul protluees lijjpy teas. 
I'his mikes the clone specially suited to Orthodox manufacture. 

’['he lirst lot of ctiltings of tliese two clones will be availabK' for release 
in autumn 1967. 

B3g Use of growth substances for the propagation of tea cuttings : 

L\pei‘lmcnls carried (uit in ihc j)asi (ja the use ol’ growth sul)>ilauees 
t<)r the rooting o( lea (xUting.s weie summarised, 'rrealineiu of internode 
cutiiugs i, e. single-leaf cutting with a piece ef inicrnode apj)roximulcl\ 
2.3 cm in length : with six diffci ent growl li substances ((t-N.X.A, 

IPA, lAA, IBA, 2, 4-1) and their combiuatiotis and tlic proprietary formu- 
lations Scradix and Hortomone A, did not produce siguiiicant improve- 
ment in strike. However, iudolyl-3 bulyrie acid IBA; at low coucem- 
ratious of 23 to lOO ppm iminxrccd shoot growlli, but tin* improvement 
was not observed at the higher concentration of 208 p]>m. rii-atment of 
cuttings simultanev)u>ly \N:ith 208 ppm IBA and a dilut<! solution oI /im: 
sulphate at a concentralioii of 200 ppm of zinc counteracted die 
inhibitory effects of the high conccnirati»)n of IB.\ im sliooi growth of an 
experimental clone. 

Cuttings treated with 1B.\ rooted earlier, and the root weight even 
after 7-9 months, was usually higher than the untreated controls. 'Mie 
cuttings with a basal node ^^•orc more responsive to hormone Ireuincnt 
than the inicrnodc cuttings. 

When a done which roots with dilheuity was sj grayed once a w^cck 
for thrgp weeks prior to propagation with nutrient solulions containing 
all the major and min^>r elements needed lor plant growth, the strike of 
its cuttings improved; Imt such spraying had no elfecL on clones which 
normally rooted well. Poor dcvcIo[)ment of roots on tea cuttings can, 
therefore, be associated with deficiency or imbalance of some inorganic 
constituents in the plant. Since easy rooting clones can also sulfcr from 
nutritional deficiency or imbalance, the results indicate tlie necessity of 
paying special atteiniou to the nutrition of stock huslu's main (aim'd ll>r 
the production of cuttings. 



It can be con chided horn these expcrirntMits diat "rowth sul>sLances 
arc not necessary for propagating easy roolinj^ tea clones under comrner- 
eial conditions. When conditions for propagation are unfavourable and 
a small number of jjlants are needed for special jjiir poses, then tea cuttings 
ma\' justify treatment with low concentrations ol' I BA. 

Criteria for the selection of vegetative clones ! 

Information obtained from two large-scale selection schemes under- 
taken at Bnrbhclta during 1 962-64 led to rcriain modilications in our re- 
('oiniiu'iulaiions to estates i'or tlu^ selection oi' v(\gctalivc clones i Ann, Rep. 

1 962, p. 23; 19()3, p. 29 and 1 964, p. 47 . I'hesc observations further 
diowcd that the rapid, visual cslimaie of ihe density of plucking points 
on bushes was only loosely but signilicantly eonclaied with their \ields 
;r - 0.423, Predictability Index 9.4 An intensive search was, therefore, 
made during 196.4-66 for other growth criteria which would give a more 
reliable i^stimate of the yielding capacity of tea bushes, 

,\ mature plot of lea planted with 29> dilTercnt clones was selected at 
lockhii for obser\ation. I hrce average bushes were selected from 
each clone, making a total of P.4 bu>hcs. The i)ushcs were pruned 
aiimialty and tipped at 2i) (in. C.'oiinis of tlu‘ number of plucking 
polnt.^ on the bn^b Mirl'acc wi ie made in Xovnnher after which the 
hnslies were pruned and pruning weights recorded. 

.^mong the iilierla observed, those winch showed significant jiosiiivc 
correlation with \ield are given in 'i'able 1. I'he plucking point density 
Ilf this plot was estimated visually by two trained observers and its relation 
with yield is also given in the tabic for comparison. 
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Table !. Corrclalion co-ejficiciils hetaren yield and other growth characters uj 
the tea bush 


Grow til characters 

Correlation 
co-efficient , 

100r2 

Predictability iiidt.' 

Visual estimate of plucking 
point density 

i O.G6j 

' 

44.2 

23.3 

Absolute number of plucking 
points obtained from counts 

O.ffll 

65. u 

41.5 

I'resh weight of prunings 

' 0.854 

72,9 

1 47.9 

1 

Number of primed sticks ' 

0.699 

48.9 

2H.5 

Weight of tippings on2hh | 
April at 10 cm j 

tJ.685 

46.9 

27.2 

Number of tipped primaries 

0,612 

37,4 

20.9 


I’hc maximum con elation with yield is. ^hown by ihc lirsli weigiit of 
prunings, w hich is even better than the i on elation obtained W’ith ihe actual 
number of plucking points on the bush surface. Hoth of these correlation 
co-efhcients are higher than the one obtained from a visual estimate of 
the density of plucking points. The fresh weight of growth made till the 
24th April above a tipping height of 10 cm is also significantly correlated 
with yield, but the magnitude of the correlation co-efticient is almost the 
same as the visual score. The correlation beiu'ecn yield and the number 
of tipped primaries too Is significant, l^ut the value of the correlation co- 
efficient Is lower than the one given liy the weight of tipped primaries. 

The last column of the tal)Ie shows that accurau^ prediction of bush 
yield could be ma<le in 47.9 per cent of the cases by recording the pruning 
weights, in 41.5 percent of the c ases by counting the number oi [ffuc klng 
points and only in 25.3 per cent of the cases by eye-judgement ol the density 
of plucking points on ilie bush surface. This is understandable' since 
estimation ol ilie density of pliirkiug points does not take into account 
the size of tlte ])lucking surface, while bush yield is determined l)y both. 
In consideration of this and othc'i' factors, it has now been recommended 
(See T. lii. Serial Xo. 163 liled under B (ii that Imsbcs niucli smaller than 
the average of the section where selectic>n done should be eliminated, 
even if their ))Iiicking point density is liigli. 



While exLimijiii)^ large iiitinbcr uf bushes with in a Jinrl p'eriod 
of time for the selection of vegeialixc clones, it will not be a practicable 
propfwiiion to coutU the pluekijig points or the i)runetl slicks on every 
hush I’runing weighls of the reduced number of bushes retained after 
fiuiek ( ye selection in the field could, however, be recorded without much 
(lillicuky. Our present recommendation takes into account the correlation 
observed betw’ccn tipping weight and yield. Further ^vork is in progress, 
which might lead to greater refinement of the selection procedure. 

(Big) Starch in tea roots : 

A plot of mature bushes planted with a clone (19/10/3) of average 
\igour was selected for this observation. The bushes were pruned in 
December 1965 and tipped and plucked at a height of 20 cm during 1966. 
One to three healthy bushes were uprooted on the loth of every month 
and ail roots between 0.5 to 2.0 cm in girth were used for the observation 
of starch by the visual starch-iodine method. The roots were cut into 
pieces of approximately 13 cm length wiihin hour or so from lifting 
the bush and a dilute iodine solution was applied to the cm unds. I'he 
intensity of the starch-iodine colour developed on the cut surl'accs of roots 
\\as estimated visually and each (oloui intensity wa's given a score ranging 
froTU 0 to 10. I'lie eu! nir iiitcnsii\' s{ (irc> were averaged lor tlic bu'-h or 
])ushcs each sampling occasion. 

TIm- liitenNily of tim siaivh-l<xiine (olour was at .i minimum <hu'Ing 
March. Ihcrcaflei it ro^e gradually reaching die maximum intensity 
in mid May, after which it remained more or le-s stationary until mid Octo- 
ber when a lower value was obtained. The colour intensity in Xovemher, 
Dec ember and until mid January of the following year was nearly the same 
as the May value. It then dropped sharply reaching the minimum value 
in March. 

'I hc reason for the sharp chop of root starch in (dciohei luring iiis eoi- 
gated. In vigorously growing, young clonal budics the starch maxima 
has been observed to shift from mid May to mid June. 

Bushes thrown out of jilucking in mid September Iiad lci> staieli in llie 
roots in mid December tiian those rested fri'im mid Oeiober. Similarly 
hushes rested from mid October had less root starch in mid January than 
hushes rested from mid Xovemher. d liiis it seems that resting late in the 
^easo^ and for nc^t more than two mouths more beneficial than resting 
for longer periods from Scplernl)er onwards. Uuslies not plucked through- 
out the year, however, had more ; t u ch in theii- roots than bushes jdiickcJ 
dtroughout or plucked ,uid then ic tcd for 2v) months towards the end 
ol the plucking season. 
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(lUc) Water table and root depth : 

The ill efTects of a continuously high water table could be clearly demon- 
strated on young, .sIccve-gro\vn plants. A continuously high water table 
restricted the developinciu oC roots both on Assam and C'liina clones, d’he 
elTcct of a lluctuallng water table is under study, 

(Big III) Day length and winter dormancy in tea : 

Evidence presented below Big) would show that tlie winter donuaiu v 
of tea bushes at higher latitudes ('Idcklai 26 17' \ ) is not caused by a deheit 
of water and nutrients in the soil. Neither can it be ascribed to low aml)i- 
ent temperature, because similar or even lower temperatures are experi- 
enced under high elevation conditions at low latitudes, but the bushes 
there do not stop flushing alihongh the rale of production of shoots may 
be slowed down. These considerations have led us to sns[:>ect that the 
shorter days of the winter months arc the real cause of doianancy of tea 
at the higher latitudes. If this hypothesis is correct, ihcn increasing the 
day length by artificial lighting should break ilie winter dormancy of tea 
under Tocklai latitudes. 

In the absence of control cmironment chamijers, it has not been posdi)!e 
to put the hypotliesis to a proper test. A crude ocpciiment carried out 
duiing winter under a C')inl)ination of fluorescent and ordinary ligluing 
did not succeed in breaking tlic dormancy of potted tea plants, d'he 
experiment will he repeated as soon as ecjiiipmcnt beeomt's availal)ie. 

(Bla) Shade X nutrient clone trial : 

I’he results of this experiment liave been biiefly reported from time 
to lime (Ann. Rep. 1962. pp. 2r)-2(); 19f)l, pp. 67-6<’, and 196"), p. 
41'. fhe results obtained in 1966 l)y adding iiiagncsiuin to the P K 
mixture were not .sigtiiricanlly different from those obtained in 1963 by 
using P and K alone, l'l,fl'ocis of' addition of other trace elements like zinc, 
boron and manganese to the manure mixture will be studied in 1967. 

(B1 y VTI) Temperature of pruning cuts ; 

Measurements taken with thcrmoconplc.s on bright days in early Novem- 
ber, when the air teniperature in the open was about 39 Cf showed oj;]i{jue 
pruning cuts facing the direction of tlie sun i. c. South and South-West 
to record temperatures which were 4 to .3 Cl liigher than the ambient 
temperature. \V!icn the cuts were made horizontal to the ground . then 
the temperature did not rise by more than 2 Cl above the ambient. 

(Bla^; Large-scale trial of shade and manuring : 

In this experiment manuring treatments were imposed lor the first 
lime in 1056 after removal of tlic Albiz v'i ndornlissiina shade trees from 
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tilt' ‘no shade plots in Noveinhcr l )c(oi)ihcr ]fi03. 'llio manuiial 

trcaimeiits were: (1. 112 kg ha nitrogen '2; 224 kg lia nitrogen ai.d '3; 
X V K mixture consisting of 224 kg N, 45 kg and 90 kg K,0 

per lieetare, each ircalment being repeated 4 limes on both the shaded 
iiiid unshaded blocks. Nitrogen was applied in ihc form of ammonli:m 
sulphate, P 0 O 5 as superphosphate and K^O as muriate of potash. 

Analysis o(“ co-variaucc of the yield data fur the full year on pre- 
ireatuient siclds ol 1965 has shown a signilieant resjx>nsc to the X P K 
inixliue. Response to the removal of shade and the shade >: manure 
inter. letion were small and iKJii-signilieaiU. Results for the three manurial 
treainients are brielh' pi esented in 4 able 2. 

Table 2. Dry wev^hi in per 100 bushes jar J,7 piuiking rounds {Adjusted 
on pre-treatnnid yield-. 


I'realin(*ius ^ ields 


9.76 

10.16 

11.12 


L. S. 1). at P . 0.05 : 0.998 kg (A W - 8 . 68 “.. 

It is too eai'ly to draw any conclusion lioin ilie experiment without 
taking into account other observations on pest and disease incidence, efi’ects 
ol the treatments on cup characters of made tea and on the soil. Some "I 
these oliservalioiis will have to be continued over a longer perio(.l belbic 
any iirin eonelusi<Mi could bt‘ tlrawn. 

(Big Leaf temperature : 

Measurements caia ied out at l c)eklai with leaf thermocouples ha\ c 
shown that leaves fully exposed to the sun can reach a temperature above 
46 (1 on bright da\s in summer. Upto -18 C 1 \vas recorded in loaves from 
which wind was excluded artilicially. A dilfcrciice in temperature of 2 to 
4 d(\grccs was observed between horizontal and semi-creci leaves, Ixuh 
fully exposed to sun, the former consistently recording a higher tempera- 
ture than the latter. Shaded leaves rarely rose 2 C above the anil)icnt 
temperature. 


112 kg \ 
224 kg X 
X 1^ K 


Hie effect of leaf temperature on photosyntlieiic rate is (4' paramount 
imj>ortanrc in an aiea where higli anihieiU temperatures arc common, 
A 1< inpcraturc of ItVC is probably well above the optimum fur tltc dark 
iv;u (ions of j)ho(nsyiuhesis. Attempts to measure the oj>timuTn tempera- 
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tiirc for ret photosynthesis was not very successful due to an absence of 
controlled ciivironmcnt equipment. Turther attempts will be made as 
soon as possible. 

(Big) Growth and environment : 

On the basis of the last fcrv years work on light penetration, leaf pose, 
environmental factors and leaf temperature, a working hypothesis is ad- 
vanced on the energy relations of the tea plant. The main features of tlic 
hypothesis arc : 

fa) A horizontal leaf type causes heavy sclf-sl lading on the foliage 
Ijcluw the Inp iiainper. 

(b) I his self-shading results in a large fraction of the maintenance 
foliage lx'[o\v the t^ip layer iccei\ ing insuilicient light for niaxiinum 
photosyntliesib. 

(c; Under non-shaded conditions \vl)en ambient temperatures are 
abo\o the temperature of fully exposed leaves in the top 

leunpei may bo abox e ilic optiiniun for pholos\ iuhesi>. 

(d . I'actors a . b and .c, could between them produce a system 
that on bright day^ has a large liaction of die maintenance foliage 
at <1 light intensity iniicli below that recjuircd for maximum pho- 
losyntli-xis. 

e l or tea with a liorizonial leaf arrangemem iiyjil shade will result 
in tile temperature of the upper leaves being reduced to just 
alxrec air tempcrai in e. wliile the \Ui!j!e light intensity reaching 
the loACi 1 saves will be lowered still Ihriher. 1 lie small reduc- 
tion in light intensity incident on the upper leaves might be more 
than compensated for by the increased photosyntlictic clliciency 
of these leaves because of tlie lowering of temperature. 

(f) Erect leaf types rellect more radiant energy than the horizontal 
leaves and this results in (i) more light being reflected to lower 
leaves and {ii; leaf lernpcrature s do not reach the very high levels 
obtained with horizontal leaves. 

(g) The effect of shade on upright leaf types is more pronounced 
than on horizontal leaf types in the lowei part of the bush canopy. 
Miii is because in unshaded conditions, the light penetration 
emves for tl.e two h'af types are vt ry diffeicnt. d'he horizontal 

'types show a veiy steep drop in ligiu penetration below the top- 



most layer ol' maintcnaiiec Icavcji and ilicrcarter a steadN' decline 
lo die lowest layer of tin* tdli:)n;c, whereas tlie upright types show 
an exponential drop in light intensity, ear'll layer of foliage 
reducing light penetration I;y about oO [)ei cent. 'I his means 

that when the surface ol an u plight leaf type is sliaded, a 

much greater leaf area is subjected to light-limiting conditions 
than for a hoii/.ontal type and photos yntliclic cfhciency is thereby 
reduced to a larger extent. 

Some evidence in support nf iho above In potlnsds is gi\ en in the Annual 
Reports for 191)1, Pj^- 39-^0 and 1903, pp. 11-12. In 1900, an cxpi'n- 
inenl was drsigni d to li->t it innrr !igoron>N . 

A (oiolIaiA to the 7 points above is that upright liabit types are more 
elVuient dry matter producers and b(;{ ain<‘ r>f that diouid have a greater 
response to the icukaliI ra' an\ other limiting iarior ill. in the lioii/ontal 

leaf iNp' ". 1 he most obv ious limiting iartois are molnnre and nutii- 

enis. both of which are easy to supply on an ex])ei imcntal >calc. 1 Inis an 
area planted at I’ocklai with two eloiu"^. one having liori^onial leaves and 
the oilua s^^-mi- ei er t leava s. iti aiteimue loW ". \\ a> divided iiuo iwr) bloc ks, 
t he aua was pruned annually in Deeeniber Jaiiuai v until 19b i but was 
left unpi nned during the 1903 tiO cold weather. One block was irrigated 
«il lOdav inUMA als with appri‘\ini.ilelv 1 em ' 1 [ ' ol water lr<)m . ih Deeeni- 
bi ! 1 ”03 to 2iul Jnr.e l!U)fi and the ■'Oil inoisuu r vva^ la id chr'-e to OekI 
eapaeitv. An A 9 lx mixuue enniaini’c; a toial <>1 1, )()»’> ku N. 392 kg 
P 9- and 7. 1 kn K ,0 pci- Inieiair 1100 lb \b b30 Hr iUid 

799 lb K ,0 p<’r aeri' was applied in li ajgrlie.tlions Ikwu ;lh 
l)ceeinber lo 21'i A[.ji]. ilie tiiher bIo( k was given tlie ^ame amotmt 
ot feiiili^er mixture in 7 appiic.n -ons iioni Mil M.o to ir>iii July, but was 
not ii I'iga.ied. Ib ja !ai pint king .u i dav interv als thrrnigiiout ihe year 
cxca-nt dming [an. Miy "ntll late I'ebniarv. wiKmi the Int-lies divl Jiot Hush, 

• aid ixuitinc pe9 and disea'*' eonioil were- canic'd out. At the end (d the 
vear ihi' bushes were pruned and tise prniilng wciglus iccorded. Results 
are given in 1 able 3. 1 lie vields olgaineil in 190.) from these two clones 

glowing in tlie same area are iiu hided in the talile for eoinparison. In 
1903, the cxpciiinenlal buslie' were inaiuiied with 112 kg nitrogen per 
hectare and the area wa.s not irrigated. 



Table 3. Effect of irrigation and nutrients on two clones haring different leaf types^ 
Fresh weights of pluckings in grams per bush 


Clone 

196,') 

1966 



Without 

irrigation 

Witlt 

irrigation 

X 

Horiz(mtaI leaves 

1 10 

2,3 

256 

Y 

Scmi-orcct leaves 

i 2:30 

^ 3(12 

' 1060 

Per cent increase of ‘V' on er 'X' 

^ 64 

i 164 

:3l 1 


III the noii-in i^aled plot, clone V ^avc an iiu reasc oi Ihh’,, over ( lone 
X compared to 6I'\» in the previi^us year when the huslus leceivecl only 
112 ha (tf tuirogen. rnigatiuu caused a fnrlher yiehl incri'asc of 2')“,, 
in clone X and in clone W 

The hori/oniai leafed clone X shmved symptoms of fertiliser damage 
by the end ofjnly in liolh the n rigated and unirrigaled plots and by Octolier 
many of the liuslies were almost defoliated, d'he nitrogen content of tin* 
maintenance leaves was nearly double that ol the control plot and it was 
suspected that the iiigh concentrations of nutrients in the soil ma'.’ have 
plasmoiysed root cells. \o adverse elfect of higli nutiieni application 
was noted on the scmi-ercct clone V. In \iew of tliis, the ])ig difference 
in the yields of the two clones produced by water and nutrients can be 
considered to have lost much of its significance. On the other hand, it 
may be argued that the particular clone X could not utilise s'.u h large 
quantities of nutrients due to the large proportion of its lca\'cs being light- 
limited and the high concentrations of leaf nitrogen suj)fiort this \ iew. 
On this argument the damaging eilccts of high fcrlilircr application on 
clone X merely support the hypothesis, \ i/.. that neither vsaLiu' nor nutrients 
arc likely to give marked increasi; in yield on })Ianls whose leaf arrangement 
is such that light in the lower canojn is limitiug photosyntlicsis. 

It is, however, stressed that such high rates of nulrictit ai>pIicalion can 
be considered only cm an experimental basis and arc probably much above 
the optimum for any tea plant, I he experiment is being repealed on the 
same two clones with normal rates of fertiliser application, both in f’ull sun 



( 43 ) 


and iinclei aiiiliciiil shade. Observations on other clones arc also pro- 
posed so that the hypothesis could be tested on a wide range oi' leaf types. 

Evidence in support of the postulate (c) is given in Talde 4 (also see 
Ann. Rep. 19o9, p. 6G, Tables 4 and 5). Two clones 19/29/13 (semi-erect 
leaf and 1/7/1 (Ijori/ontal leaf) were grown in full sun and under bamboo 
screens which rrdured liglit intensity to approximately 55-60 percent of 

bili sunshine. Weights of jdnrkings in 1960 are recorded in Tabic 4. 

Table 4. Effect of artificial shade on two clones having different leaf types. Fresh 
weight of plucked shoots in grams per bush 

C3onc I IOO'Jq light j 60^) o hghl in-j Per cent 

intensity in | tensity under^ increase or 

full sun bamboo - decrease caused 

screens i by screens 

1,7:1 270 295 ; --5.7 

1 Ini i/ontal Icavc'^) i 


19^29/13 

f Semi -erect leaves) 


Sen'cns sliglub lmprr)\ed the yield of clone 1 7, 1 and depressed the 
yield of clone 19,29 13, ^vhieh arc in conformity with tlic postulates •''e) 
and ‘ g; of the hypotfiesis. 

The implications ol the hypothesis are wide and large scale agricultural 
trials on irrigation, manuring and shade should bear in mind the foliage 
])attern of the expoiimental plants \vhen discussing results of such trials. 
I'.s en more impm iant is the nece>vliy to realise that for clonal ai eas optimum 
hehi management tieatmi'nts are likely lo vary from clone to clone and 
Imm the average irealineiiis now being }:>rescribed for all (ea plants. 

AD\TSORV 

Touring — Dr. D. X. Pariia visited one estate in Dan aiig and two estates 
in Upper Assam. Both Dr. D. X. Bania and Mr. W. Hadfield with iwo 
otlier Torklai ollicers visited nine estates in Cachar. Mr. W. Hadfield 
]>.»id a vWit to the .Atomic laungy Establishment at Erombay. He also 
^ idled Murmuria T. E. on a large number of occasions in connection with 
the large-scale shade :\!nanuiing trial. Dr. D. X. Barua paid a visit to the 
h (f A. R. in .\ugust. 




Identification of plant specimens -- rweiity gne plain specimens 
were idemilicd ilie \cai\ 

Assessment of tasting results 1 120 samploi wci c seni lor tasting 
in connection with the C 5 CKperiment. 'lasting results of 550 samples 
received from caates were ev^aluated. 

Meetings — Dr. D. N. Barua attended T. R. A. Annual General 
Meeting in t'alcutla in July and two meetings of the Standing Committee 
for Agricultural Research of the 1. C. A. R. in New Delhi during September 
and December. 

Lectures and Conferences — Dr. D. N. Barua gave papers and 
demonstrations in the three Field Management Courses and two V’^egeta- 
tive Propagation Courses held during the year. He also attended the 
scientific conferi'nce of the UP AS I Selenilfic Department in South India. 

Correspondence — Four hundred and tliiriy seven Icuetx and memo- 
randa were written during the year. 



AGRICULTURE DEPARTMENT 


K, X. SiiARMA— Soni<R Agriculiurist 
S. Barua - Agiinilturist 

Ihc Senior Agncnltiirist was on Annual leave wiih cfTect from 15.6.66 
and the Agrienhiirist was oii Annual leave with effect from 4,12.66 to 
31. 12. 66. 

'rh.en- has been no change in the Junior Staff during the year. 

RKSl'ARCH AND EXPERIMENTS 

During Ih66, the main subjects for study and experimentation were — 
Shade, Shade and Mantning, Rehabilitation of Lattd, Planting and Spac- 
ing, N'. P. K. Manuring, Nitrogenous I'ertilizcjs, Plucking. Pruning. Cailli- 
vaiion, Irrigalit)n, \\ cccl ('untml. (b een ( rops iuul C3oiial l i iitl-'. Kiglity 
-six long aiul short teim experinienls wtne conducted at Borbhetia. .Asris- 
tance, as requested, was gis en to .Vdv i oi y Department ex})crlments. 

A, 1) Shade : 

ia) Preliminary screening of species — Altogeilier 33 species 
of shade trees including a few already tried ones were screened in these 
trials. Besides Albizzia fxb'ratissima, /I. Ithhfk and A. procftYi the following 
sjK'cies showed piornise as good giowcrs at Borblietta - .1. juUhnssirL A. 

A. t.-ew .1. y.g/v. .Xcmla imli^ ularh. Pipiadcftia fahata. 

1 he species which ta odtu ed hea\ y shade are - 1 cntliiupbih ,tm, 

(2 Peltophorum 3 P. dubium and (1 .1. gKuuhbratttatii. 

Out of these, the first tliree were susceptible to storm damage. Tliose 
species wliich had poor growth are- -(1) Caesalpima ferrea. <2) Eutada ah-.- 
ssifdca and (3) Ifynirnnea ililbncarpa. 

b) Periodic effect - B:.ml)oo screens were provided for dificretit 
periods of the year in a trial (H31.1 3; continued from IP38. 1 he 

treatments produced significant difi'erences (P — 0.05} in yield, only in the 
year 1962 following medium pruning in 1961, showing that the period 
from March to April may be (aitical in respect of shade requit cmerit of 
medium pruned tea in the first year of regen.cration as noted in d'oeklai 
Annual Report [*J. It has now besm considered ncccs.sary to ';ce if tlie 
period from November to March is a crilicrl one for shading. Hence in 
November 1966, tlic shading pot iod in one treatment (I'A was changed from 
Juh-Xovember to Novemb< r- Ecbitiary. The trea'n'enis as from 
1966/67 are as follows : - 
7 
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I\ — No shade 

'r.^ — Bamboo shade throughout tlie year 
T3 — j, „ from March to Novcinher 

T^— ,j „ from May to November 

T3 — ,, ,, from November to February 

The effect of this change in l\ has yet to be seen. 

{A. 2; Shade and Manuring ; 

The mature tea used in a long term factorial experiment comprising 
N. P. K. combinations 1 B 5. 1 ^ wliich was started in 1932 was uprooted in 
1959 and replanted in 1961. ! he original maiiurial treatments were 

continued on the same replanted plots but a difference from the old experi- 
ment was introduced in that half of the replications were put under Albizzia 
odorotissima shade trees planted in 1961 along with the tea, the other half 
being unshaded. There were thus created two independent experiments; 
one under shade and the other under no shade. In each experiment the 
16 fertilizer combinations of 4 levels (0, 45, 90 and 135 kg per hectare) 
of nitrogen, 2 levels each 0 and 22.5 kg ha) of phosphate and potash in 
the forms of sulphate of ammonia, superphosphate and potassium sulphate 
respectu'ely, were used. 

Analysis of the 1966 crop shows that 22.5 kg K^O ha gave significant 
(P -^0.05) increases, over no potash, of 1 B per cent under shade and 8 per 
cent under no shade. 

(A. 3) Rehabilitation of Land for Replanting ; 

fa) The problem of rchaihlitation for replanting of land that had 
been under tea was viewed Ijoth from the physical and fertility status of 
the land. It was considered that some grasses may be useful for the pur- 
pose. For preliminary screening , 50 species of grasses and cover crops 
were collected through the courtsey of the L A. R. I., New' Delhi, and also 
locally. Out of these the following grasses are growing w^ll under Bor- 
bhetta condition but titeir value for rehabilitation purposes has yet to be 
assessed : Crysopogon gnllus, Digitaria eriantha, Iimgrostis chhrometas^ Ji/agro- 
stis curvula (Weeping Love grass ), Fanicum maximum (Guinea grass), Fenniselum 
puTpureum (Napier grass), Pusa Giant Hybrid Napier, Tripsacum Inxurn 
(Guatemala grass). 

(b) An experiment fB) 11/3) has been started in 1966 to study the 
effects on rehabilitation of growing Guatemala grass {Tripsecum laxum), 
4 hatch grass {Im*)erala cyiiudrica) and a cover crop (Mimosa iuriso) for 
different durations ranging from 0 to 4 years. 



( 47 ) 


, 4; Planting and Spacing : 

(aj 4 wo experiments (B 8/1 and B 8^2i were laid out and planting 
completed in 1966 to lind emt the cfFecls on yield of difFerenl spacings using 
difFerent kinds of tea manured with difFcrent levels of nitrogen. Spacing 
ranged From 7000 to 37000 bushes per hectare and nitrogen from 100 to 
300 kg/ha. 

It has been observed that eve n with very close spacing within a single 
hedge, weeding and mulching present no }>r<)blem. In fact mulching with 
thatch and jungle in this area showed clear beneficial elFccts in controlling 
weeds and conserving soil moisture, ultimately reducing deaths and in- 
creasing vigour, field observation further shows that the plants at close 
spacings have not ) et suffered in \ igour compared with those at wider 
spacings. 

Table 1. Average jicld vf made tea in kg ha from dijjerenl spacings [1960-1966) 


Spacing 

Plants per 
hectare 

Yield 

Si -120 cm :■- 120 cm 

6,9-14 

986 

S^-150 cm > 98 cm 

6,802 

1108 

S 3 - 1 50 urn x 75 cm 

8 ,tyy 

1010 

S 4 -I 5 O cm X 60 cm i 

i 

IKIII 

i 1 

1120 

S-j-120 cm >. 60 cm 1 

i 

13,889 

1163 


(b) fhe resuhs of one experiment planted in 1957 (B 104) using five 
spacings for two jals of tea with thi ce levels of nitrogen (90, 135 and 180 kg 
,ha) indicate, though not significantly so, that closer spacing produced 
higher yields (Tabic 1). 

Table 2 : Average yield in kgjia under diUerent nitrogen levels (1960-1966) 


Levels of' nitrogen in kg N ha 

90 ' 

135 

180 

Yield in kg ha 

1074 

1087 

1087 


Different levels of nitiogen failed to show any significant diflerence 
in crop (Table 2). 'fhere was no significant interplay of closer spacing 
with higher doses of nitrogen. 
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Fig. 1 : Reciprocal of xicli! per phutl ( ) acamlitig to plant population, 

{yield expressed in kg of made lea) 



plant POPULATiON IN THCXISANOS HECfAPC 


1 lie \ iclcl data of thir, expcrimeiiL when Li‘an.sr(n ined into reeiprorai 
t>l \ield plant gave a highly significant linear relationship T - -- 0.001, 100 
I - - 96; with the number of plants per hectare, 'l lils agrees with tiie 
eailier work done by La; cock [ ^ j in this line, where it was ])ietlicied 
tiiat for malLirc tea, 7000 plaiits/acrc will produce 1 18. f'„ of ihe yield from 
2720 plaut/acre in Assam, 118.1'',, in Malawi and 1U3.0",, in Indonesia. 
The percentage of yield from 17,300 plants hectare, ctiuivaleiit to 7000 
plaius/acre, calculated from the regression equation in figuic 1 is 119.1. 

(A, Oj- N. P. K. Manuring : 

All X. P. K. experiments at Borbhelta were re\ icwcd. 





(a) Mature tea. 

'l ubk Ai cras^e juld oj made tea in k_LiJui - J[)fj5) 


A’. P, K. Mixutie 

Average yield in 


kgdia 

■p_l 00-0-0 

1019 

T..- lf'b-17-(' 

1 1030 

100- 1-70 ■ 1 

1013 

: Bvery 1st and lilt u*ar; other years 100-0-0 : 

•r,— 100-1 7-(i ' 

flAery 2nd and 3lh yeai ; otliei \eais lOO-O-O ] 

1099 

'1_100-17-0 

(Kvci) 3rd and btli \i ais; other years 100-0>0; 

1093 


I.. 8. 1), !l'- 0.05) j 65 

C:. i 1.6 


;i As low as 17 kg PJk-, per hectare of single supcrpliosphaie gave 
bencticlal clfecis when ap]:)licd once in j \cars on sliadcd mature 
tea Table !1). 

li Application f>f potash u]:)io 13 kg ])cr hectare proved beneficial 
f>n tuaUu e shaded tea duririg the year, 'i lie good effect of potash 
was not coiT^istcnt in eveiy year. 

I>'< Young tea- In two expe riments 4 levels eacli of PdJ- and 0 >0, 
13, f)0. IbO kg ha) and their combinations with a standard overall 
dose of bo kg N ha were tried Pxpi. \o. B 105 <S: B 112). 


I able /. i /V7(/ of made fen in k o ha I9()2-I965 f. according lo pola:sh 

level 


Kilogram K.^O 
per hectare 

Yield 1 

Bxpi. BI05 I hxpt. BI12 

0 

1 1025 

1036 

1030 

45 

j 1000 ^ 

1108 

1084 

90 

1 i 

j 1120 

1120 1 

1123 

180 

1117 1120 

1134 

L. S. D. at P=0.05 ' 
<•■ V.% ! 

48 02 

12.5 13.0 
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(i) Combined analysis of 4 years’ data show that in experiment No. 
B 105 applications of potash were benclicial. Both and 

K.vjo were significantly better than each of Kq and K 45 . But 
RjgQ was not significantly better than In experiment No. 

B 112 also, potash at all tlic levels applied was benelicial. But 
in this experiment there was no further significant increases of 
yield from potash levels over (Table 4 J. 


Table 5. Tield oj made tea in kg ha iJ962-l9G5) 


Yield 

\Trin 


E.xpt. B 105 

Expt. B 112 


90-0-0 

1043 

1078 

1060 

90-0-90 

1103 

1130 

IIIG 

90-45-0 

1064 

1130 

1097 

90-45-90 

1134 

1126 

1130 

90-90-90 

llJl 

1130 1 

1 ; 

■ 1130 

90-180-180 

^ 1164 i 

1175 

1170 

L. S. D. at P -0.05 
C. V.% 

I 89 , 

12.5 

124 

13. G 

! 


(Note : rhe recently revised fertilizer recommendations were based on 
ibc results of many past experiments. As the above experiments 
and others gi\c us more information whieli will be con.sidered 
together with the results of the soil survey now in progress, it is 
more than likely that new recommendations vvill be issued in 
not too distant future;. 

(ii) The application of 90-45-90 produced as good yield as an apjdi- 
calion of 90-180-180. d he yields of some selected combinations 
are given in Table 5. 

/iii) Seven treatment combinations of X. P. K. from both the above 
experiments were manufactured and tasted by the docklai 1 as ter. 
Mean scores given by the d aster as regards valuation, quality 
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and strength were not consistent 1 j( tween the experiments. A 
special st<aistical sampling tecliniquc was emjjloycd to minimise 
errors. In experiment H 112 where X. 1*. K. mixtures were 
applied to a jal of tea it can l^e said that 90-90 90 significantly 
(P 0,05) increased the valuation and improved the quality 
in comparison with 90 0- 0. in ease of clonal tea, 90-0-180 
produced inferior quality and less valuation. 

Jable Airf age yield of made tea ni kg ha under different treatment combination 


Treatments 

Aveiage yield of 
made tea in kg ha 
(1962-1966) 

r, -9(i liSO-lOO for I) years ( 1959 49()6; ' 

, 1508 

4'. -90- 1 8U 180 for fn st 4 N cars , 1959 ■ 1 962 . and ; ^ , 

90-0 0 for next 4 years (1962 196() ■ 

T^-OO- 0-180 only for the first four years (1959 62^ ; 

i 1525 

and 90-180-180 for die next 4 vears i 1962-66 

■ 

i 

(> U;t) only lor all the 8 years 

I 1546 

'1^-90 180 18t) and ^ 0-180 in alteinaie yt^ir^ 

j 1575 

L. S. i). at p ^ -0 . 05 


c. \ ‘T 

i 


■iv) in one experiment (13 110) from 1959 lo 1966, 90 kg N'_,ha each 
year as sulphate of ammonia was applied together with different 
combination of phosphate and potash. 'Theic were no signifi- 
cant differences in crop yield between the treatments (Table 6). 

y) I'lom lliC above r^’sults the fid I owing conclusion were drawn : 

(1^ The old lc\cls of phospliate and potash reeommended f.r 
yoiirg tea i,e. 0 180 180 were iinneccssariK high. 

(2) Phosphate and potash at doses ol 45 kg and 90 kg per hectare 
1 espeetively, were lound crcmnniically enirient vn young 
tea. 
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;'3) In mature tea, applicatioiis of phospiuitc as low as 17 
per hectare once in three years and potash u|)io 45 kg per 
hectare were found to be el fee live, irrcspeeii\e of 
whatever nitrogen level ^eas used. 

(A. 6) N. P. K. Manuring of Seed Baris : 

'I his important project has to be indefinitely left out for want of suitable 
land* As a result we know very little about seed tree manuring-- its proper 
eoinposition, time and manner ol' apjdieation and still have to rely on the 
old 12-4-10 mixture of 3 parts sulphate of ammonia, 1 part snpeiphosphatc 
and 1 part sulphate of potash, applied on spread basis, stiggested about 
25 N ears back. 

(A. 7^) Nitrogenous Fertilizers, Other Experiments : 

['a Urea as the nitrogen source in N, P, K, mixture for young 
tea — 

Table 7, . h r r^7^e ’ ) khi oj tn ade leu in l>\^ ha { 1 Oi 


Forms of nitrogen in the mixture kg, ha | 5’iclcl '(> decrease 

t fj(‘m S. (). A. 


90-1 (id- 180, X as sulphate of ammonia 

1087 

90-180-180, X as uica 

1640 . 2.1 

L. S. D. at l>-(l.n5 

X. S. ! 

c. V. % ! 

2.3 


Yield figures for 5 conscquiive ycais iH 108,1} proNcs that urea can 
replace sulphate of ammonia in P. K. mixture for young tea ( Fable 7). 
Even if there be an insignificant loss of crop it ulll bf' nnac than made 
up by the lower co.st oi’ urea. Estates making their own mixtures with 
urea should not alloNC more than 24 hnins to pass between mixing and 
application, prfferably the I'niMnt'e should be apjdied immediately after 
mixing. 


Urea ns a nitrogen source for mature tea A summary 
of all urea expeiimenls catjicd out iu the ])asl at Hfibljelia aiul in differejii 
cstans in Assam S<;uth a!:d Aoi ilj Hanks. l)(joars, Oatireling atul (bultar 
coricii.cted by the Advisory iVpaiiineni was f«*mpil(cb It was j’onnd in 
genejal lln'.t : 
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■ i Uici\ piVKliircfj ,1 r)'\, ( rop in coinpcii'I^on with snlphalc n; 

.liiitnnni-i ulicn ino nh n-i :ni!'!n.t!^y nt 'm) N ha. 

ii) Po^'cvs hii^hcr llnni h*0 \ h:! did not prodnrc any ac!(liti< aial 

in-ax'asc in yi'.’M niulnr ‘'hade. \ his is similar (o ihc rc>pon‘^c 
li'om sulpha. I': of ammonia} . 

iii; DilTtaant methods apjdyiiar m'ca s>i}!(‘r than hroadcastina, in 
dos(' ai'r Tiivlnr -I'idw l’f>]iar piaylii?^ of nrna at not mrair 
than a 6“,, salndm: w \a a' hadayhiiy itilcrvals to stip])}<“n:cnt 
nitt(>i>cn brnadaaa-t oilln-r : s nf ammonia ot' urea has 

]a)v, n sonir p;n-|a''cls. 

r.^ Calcium amruonium nitrate : 

i' first vt'ar'^ rc-iiltN hi 1. 1' diow that calcium ammo- 

nimn intra.t'' ar. idlicit ;U a ^-ult'hatc of ammonia when ]>oth 

ere atiplird amu dh,- <d matrrf^ tea on i-.j \ hn. d lie 
tet'm I heels an t \cl fno**. a. 

ti; Le<ii' samp!< s h-m pha-, niamn' d with dll'emnl h>rnd of nitro- 
d'nons hitiiin') ■ h 111 I \\er<' rnmiCa' rm ed anr^ tasted by the 
d a n.'i' dm i’tn l‘'do, 1 ,i!; i*an amri';mdni'r> idn'aie and 
j.o mauiue t ' nti.d .i sd si;n:;l’e.-i'tK hiehrr '.sduaiion and 
1 M : it n dd ' a ■ d n . rvnii ihni ^ a nni-mud j h')n. However 
(Pne \,a i <- -i ';di. .in d;dL‘!> :es h’^',.'-':. nianiire<I witli 

diha:-' »'i' .mm O’.'. ; .aiv; e:d '-m .^:V'n:oni;im niiraie. 

d liiviUoJ* do^iien of snd^jh ite cl’ anamonia ; 

i; d'h'i't was no t < -Wh nhmern we^ api>li^d Inlwecn hO kyj 

and ida in tw-- mnn' chs i<]fd do- ^ <.\ er the siny;le dose 
i\ It w aHmw ca'cr s<*tn'i h o’n ar^'dioi expcrinirm Hill 2 
tlnit di.idr ■ ns pvr.- Inn *' ro .-d/iin I'f inne.nin^ \ it ld 
p ;■ .V the t:n ninny*':: is iiion: than Km ky X Ita htil the 

( ct -noinirs Ci'n ait h’d.a'r date. 

(ii; 'foeld,.i iast*t.> ii.ds'd ti; hu 1 .on- iynld.ant dillercncc caused 
!t\ liiid: d■'s*'^ of ■ oiyh.ste of :,rnnoni;t ^^h^n applied in s['lil doses 
in *■' >nri>aMson "'Oidi ■-m d*' vtaa.'fird do'^s's (»! nuroyem 

N.itui'C cf prunirii^s ared j iulch a: manure B jJ.i 7 : 

An e'* periment ^^■.n steiied m r-oi blu'li lo aaOiV iI'k' ellis! ■. : piinaiiiys 
«'ud that ti 0.1 the vieid .na! Nis nr ■ f imnme tsa pl.nn* d i.. 1 hdi. hirst 
i*'snll wa'n {i;iUiioo<l in 
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Table 8. Yield of made tea and prunijig weight in kgjha according to mulching 
treatments 


Treatments 

Yield in 
kg/ha 
1966 

"0 dec- 

lease 

Pruning 

weights 

12 mon- 
ths after 

treatments 

started 

% tlec- 
1 rcase 
over Tr.l 

Tj — Prunings not remo\'ed 

970 

— 

10,469 


Tg — Prunings removed 

865 

10 . 5 % 

j 8,750 

j 16.4% 

T 3 - Prunings removed but 





mulched with thatch 

916 

5 . 6 % 

10,208 

2.5% 

and other jungle 





1 . S. D. at P=0.05 

63 


N. S. 

! 

c. v.% 

5.3 


14.2 

1 


All plots received a standard dressinjr of sulphate of ammonia at 100 kg 
N/ha. From some plots the primings were removed and these, in one 
year, produced 10. 5^^, less crop than from equivalent plots where the prim- 
ings were left in situ. Plots where primings were removed, but where 
thatch and other jungle were added as mulch, produced 5.6% less crop; 
but the difference was not significant (tabic 8). The mulch (1.4% Nitro- 
gen; was added at the rate of 3.5 tonnes per hectare thus supplying 50 kg 
N/ha, 

Prunings contain approximately G6% moisture and 2.5% nitrogen 
on a dry weight basis. Thus on the plots where prunings were not removed, 
nitrogen was added at approximately 85 kg per hectare through the pru- 
nings. During 1967, mulch has been added to the other plots at the rate 
of 7 tonnes per hectare to give 100 kg N/ha. 

(A. 8; Plucking : 

(a) Criteria for optimum tipping height — \n average of 5 
maintenance leaves was shown by Barua, Barua & Wight to be 

necessary between the pruning and tipping heights of a primary shoot to 
give maximum crop on a long term basis. Du the criterion of tipping 
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over 5 maintenance leaves on the primary, for most kinds of lea grown in 
Assam under normal condition, the practical tipping height would he 
20 cm. But, it may so happen in individual clones that 20 cm tipping 
height is not necessarily equivalent to 5 maintenance leaves. In a trial 
(B 33.2A/1), a comparison was made between tipping at a height of 20 cm 
and tipping over 5 leaves on each primary shoot, using 5 different clones. 

Three years’ results show that in each of the clones used, 19 29/13 (TV 1), 
20/23/1 (TV 2), 1/7/1 (TV 3j, 3/77 (TV 8) and 16/8/23, five maintenance 
leaves on individual shoots of the bushes are equivalent to a flat optimum 
lipping height of 20 cm in terms of crop yield. 

(b) Severity of plucking : 


(i) Data for 30 years (1935-1964) of a long term experiment (B 20) 
laid out on a section of Rajghar tea showed that tij ping at 10 cm 
above pruning height and then leaving a leaf at the end of second 
flush is as good as, if not better, than tipping at 20 cm (Table 9) 


T 'ihU 9, Average yield of made lea i/i kgJia from different tipping 
measures i 1935-1964 ^ 


Tipping Measures 30 years’ average 

I yield in hg/ha 


10 cm ! 

1149.8 

15 cm 

1153.5 

20 cm 

1148.9 

10 cm 4 1 leaf from July 

1170.5 

15 cm r 1 leaf from July 

' 1009.7 

20 cm 1 leaf from July 

1094.2 

1 


lipping low (10 ini) in the early monsoon and then raising tlic' 
table by one leaf also tends to increase second flush crop, without 
losing total crop. 



t^ii) i-oal ^aMl[)k■s hmhi. iho tlu'k'VL'u. i n,‘aiiiMait‘ \vr!’(‘ inajKiiarUircfl 
, lul tasl-aci i;\ i!:'/ 'IV^r'klai I’lu i\' were n-> :-;;;'nilicant 

tlilii roiU.'(’< ill \ain:iti(a: aiu! (-a Jisv >4" a-.i' !>oU'' '('a i>a‘ clitlci’cnt 
Uppiag heights ^riO. la a'd k!j ria a;.Kn-,' ika prnaing 

i A. 0 ) Pruning ; 

la) Pruning of Young laA—'l ia; •. -a.i.ail lacilaiw ni' piaaiuig MMi-ig 
lea roconimetKlecl l-y 'j'o(.lvL\: waa i:l( ;':u a la -'ac of tla- (ra-ann lus ia 
ox[) aiiiieriL -W*. 15 lOO I .st.uactl m ao\ aiuI.kC)' hi fiiis trcainiant 

'I'.:, llu* vvera iel\ uninuiuJ jik! k/vl i>, ilia la.i \car. in 

coiiirast wltli TocklaiVs >tan(lai'(l riuahotl wlici;' ia tlic j-in 
plucked at 80 cm, piimcd ai r> cm and then i\meied ai 22 . a cm fi 


Table 10 . Yieli aj m idr l>::i i)' h i- J^O'YTiOj 








inc* 

Ti'catmcnis 1960 

19i)l 

h!62 

19': >3 

ht:U 

19::3 

lease 

Mean 

o\cr 







mean d\ 

I'j — Tocklai 

Standard 

Method 237 : 

399 

1672 

1220 

2033 ' 

2033 

1302 . 

d'-- Modihed; I 

Method 262 i 

789 ; 

1 767 


209') 

2128 

1 106 ; 8.0 

L. S. D. at : 

P^O.05 ■)! 

91 

120 

^ I<,)8 

S. 

\.S. 

s. 


C.\.% 12 . 8 ^ 7,7; 3.1 Jd 3.2 3.8 I 1.0 


Total yields i'lom 196U to 1965 ; 1 aide U)j show that thcmodiliedmetiiod 
gave about 8 per cent increase in crop. In ihe 2nd i960 and 4th 
A963) year.'i tlicre \veie sigiiilicanL increases ofannind i roj) from diis rnocli- 
hed method ov< r the siandatd mcdiocl. 

< b) PruniDg Vs. deep skiff in interplay ivith manures j 

'ihc object of die cNix-riincnt B 2A. 1 3) v.as to .study the cifcct of 
iilpliate of ammoni:i alone and .\, B. K. miNlmxs on priiiu^d and deep 
'killed tcaToliowing n.vnliinn j iiniing. ivhoiijai. ,' 7 ' was planted in 1910 



( S'/ ) 


. ,i[ • tiK'di iini piiincd ill l)i.;(X]!i! \ y at 07 < rn IVoin the g’loiinrl. 

1; pJi*' duriiif( 100.7 a.i 2.3 ciii liia.i ilu- |>runefi kvcl and 9d-ld0--H!0 
. 'MiiH' \sas aiij^licd lo all ploi.s. In 1 Jai riiiO'cr KMid ihc, following prun- 
■i;<i n'-'alinriin^ wcic uw'ru and (lie inanui -. . ajadicd m Alarcli lO- 

j'lir iu-ainum:i \\rrt‘ : 

J , - Pi'nncd 2.3 (in aljo\n the ini <.hi'.ni [ luuing enl, 1 ijjped 20 cm 
ala>\'e [amu'. Manuic : 0 0 hg iia ,.n; -ulpha.te oi' ammonia. 

1 PiuiHal 2.3 cm aljn'.c medimn ]>nailng cut. i ipped 20 cm abo\'C 
piunc. Mamirc : Oo 22-30 leg Ita. 

■j ^ — i )c(‘[) vkliYi'd at lO cm aho\c medium [/luiiing ciO lipped 

10 cm al)(>\'< ^kifl. Alamn'e : kg. k.-. a'5 ^uJplane ol amnuj- 

nia. 

l)ce{) skilled at 10 cm abo\e, medium [ timing cuu dipped 
10 cm ^kili. Manutc : 90-22-30 kg ha. 

7 }hfi //. } it hi of made Ira in ho ha 


p!im<‘ l)ec[) .Skill' 


Maimic i 

ho^o 0 

Prime 

I3eep- 

SkilV 

; M=-aii 

increase 

1 

1 

' 7!t2 

90b 

889 

— 

9t) 22-30 

777 

1113 

946 

6.4 

Mean 

7dd 

1030 



' . , in Cl ease 

— 

33.0 




i Imr Pi D. S. 

I'nr ma> 

i'or com- 

I'oi inier- 


1 

mu'C 

binations 

i action 

L. 8. n. i> - o.ofi 

33 

33 

77 

33 

C- V. 

: \\.l\ 

8.0 

8.8 



i 
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Results : 

(i'i Prune vs. deep skiff — Deep skiffing sigiiiiicaiitly (P>0.01) 
produced 33.9 per cent crop than pruning. 

(ii) N. P. K, mixture vs. nitrogen — 99-22-30 significantly pro- 
duced 6.4 per cent more crop than 90-0-0, 

(iii) Effect of interplay of pruning types and manures-Dcep 

skiffed tea manured with a mixture of 90-22-30 significantly 
produced the higliest yield and higher crop than deep 

skiffing and manuring with 90-0-0. I'hcre was no significant 
difference between 90-0-0 and 90-22-30 when applied to pruned 
tea. 

(iv) Periodic crop distribution of made tea This experiment 
confirmed the previous findings that deep skifted tea gives a higher 
percentage of second flusli crop and this is further increased by 
the application of 90-22-30. 

It can be summarised that the application of comparatively low doses 
of phosphate and potash on top of the standard dose of nitrogen proved 
beneficial to deep skiffed tea after medium pruning even wlien high doses 
of phosphate and potash had been applied in the pre\ ions year. 

(c) Chemical defoliants : 

(i) Gramoxone at 3.0 1 ha and 4.5 l,ha was sprayed on mature 
tea to see if it can replace hand defoliation, when the latter is 
necessary. The effects of these two chemical treatments were 
compared with hand defoliation and no defoliation. 

The chemical at both rates, did not defoliate the bushes comple- 
tely and there was much die back of shoots. Lichen and mosses 
on the frames of bushes were controlled by gramoxone spray. 
Yield of crop in the year following defoliation was significantly 
(P=^0.05) reduced by 12.8 and 15,1 per cent due to gramoxone 
sprayed at 3.0 and 4.5 l/ha, respectively. 

(ii) Aretit was sprayed at the rate cf 5 to 15 kg^ha on mature lea 
as defoliant. There was 60 per cent defoliation (on visual scoring) 
with no appreciable amount of die back. Further studies are 
in progress. 

(A. 10) Cultivation and Weed Control : 

All the herbicides tried up to date at Borbhetla have been tabulated 
to show their effects on diffeicnt weeds and grasses are given in Tables 
12 to 14. • 



'Table 1~. T-JJ'tctive doAts of herbicides in djjerent areas 
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Table TJ [a). Herbicides which produce phjlo-toxic ejfects if used wrongly {ground 
application) 

Severe, Mild, V\\ -- Very mild 



Phyto-toxic 
ratc/lia starts at 

Niineiy 

Herbicides I 

i 

1 Seed j 

1 ^ . 

C.uttmg 

Afalon 1 

4.0 

VM I 

\’M 

Arnitrole i 

2.4 kg 

s 

S 

Atlavar | 

0.5 kg 

' s 

S 

Atratonc t 

6.0 kg 

M 1 

M 

t 

Atrazine 1 

1 . 0 kg ; 

[ 

M 1 

M 

Casoron j 

2.0 kg 

1 

s 

S 

C. M. P. P. 

1.0 kg 

M 

M 

Dalapon j 

2.0 kg 

S 

S 

Diiiron 

4.0 kg 

\\ 1 

M 

Gramoxonc 

0.5 lit 

s 

S 

Maleic hydrazide 

10.0 lit 

s 

S 

1 

Prefix 

1 

4.0 kg 

VM 

1 VM 

i 

Prom e tone 

2.0 kg 

s 

1 

1 " 

s 

i 

1 

Propazine 

1 1 
1 0.0 kg : 


VM 

VVecdone LV 4 

br. 

in 

1 

s 

S 

2, -I D 

1 . 0 kg 

M 

M 


9 
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Table 13 [b). Herbicides ivkich have little or no phyto-toxic effects {ground 
application) on young and mature tea 


Herbicides 

Rates per hectare 
tested upto 

Afalon j 

6 kg 

Amitrole \ 

4 lit 

Dalapon 

4 kir 

Dicry 1 ; 

6 lit 

Diuron 

4 kg 

Eptam 

12 lit 

FW 925 1 

10 lit 

Gramoxone 

5 lit 

Xia 

20 lit 

Prefix 

! 4 kg 

Propazine 

6 kg 

Simazine 

1 27 kg 

Solan 

20 lit 

Stam F 

10 lit 
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(A. 11) Irrigation: 

Three trials were stalled to study- 

fa) The cfTects of replcnislimciil ol' soil moisture lost through evapor- 
ation and transpiration. 

(b) Whether tea can be plucked all tlie vear round with modification 
of the time and method of pruning aided by irrigation in droughty 
months. 

The data is being collected in co-operation with Soils Ocpartniciit. 
'drcliminary results sh^w that bushes remained dormant under both iiri* 
iraiod and iion-ii rigated unpruiied plots iiom Januai\ to the end of Tehru- 
ary. During this period no appreciable amounts of two and a bud shoots 
could he plucked from middle of January to end of Fcbruar\ . 

uA, 12) Green Crop : 

Mimosa iovisa when planted inter-row with a tall grass like Tripsacurn 
lawm (Cjiiatemala) in Ihllow land gonvs well. But it covers completely 
diort grasses such as imperata cyhudrka illiaiclT and is particularly successful 
in controlling weeds and short grasses. 

(A. Clonal Work ; 

(a) Clonal trial— An area B. 40; lias been planted out with 
focklai Release Clones and a few mnre ]:)ros pec live Releases together with 
some jals for future study of their responses to nutrient and management 
operations. 

M 111 lijjlica lion plol>. have fieeii established with tlie Releases and future 
Releases ol' the foeklai vegetative and generative t loncs to supply cuttings 
and ]>lanls to the Industry when required. 

1)] Packing and storing of cuttings for transport— A short term 
trial, repealed at Borbhetta and Xagrakata, in cooperation with the West 
hengal Ad\'isoiy Department proved that iicsh cuttings or slioots packed 
in sealed pols thclenc tubes can be successfully stored lor at least 24 hours 
before planting. The sur\ i\ al oi' such cut lings is equal to that of stored 
pretreated or immediately planted fresh cuttings. 4 his confirms the ear- 
lier lindings as reported in ’Tocklai Annual Report [®]. 


ADVISORY 

Touring - 'The Senior Agriculturist along with three other olTicers 
of the Station visited 9 estates in t’achar during Apiil, 1966. 
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Trainees- Seven employees of l’. R. A. Member estates, one employee 
of a T. R. A. Non- Member estate and one employee of the l ea Board 
joined the One Year Training Course on 2. 1. 66 and completed their train- 
ing on 31. 12. 66. 

Eleven bonafide and prospective employees of T. R. A. Member 
estates joined our Short Term Training on Vegetative Propagation and 
out of them seven completed their training during the year. In addition 
to these, two who joined this training during 1965, also completed their 
training during the year. 

Lectures and Meetings- The Senior Agriculturist and the Agricul- 
turist lectured on the following subjects during the year 

(1) (a) “Common Weeds in Tea'’ in the ‘Use of Agricultural Chemi- 

cals Courses’- by the Senior Agriculturist 

(b; “Chemical Control of \Vceds”-by the Senior Agriculturist 

(cj "Management of Cloncs”-by the Senior Agriculturist in 
‘Vegetative Propagation Courses’. 

^d) “Establishment of Young lea” in the ‘Field Management 
Courses’ by the Senior Agriculturist. 

•i2) “Chemical Manures in I'ea” in the ‘Use of Agi icuiturai C3n mi- 
cals C’ourses’- by the Agriculturist. 
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Barua, D. Ts. (1960 . ‘Plucking in relation to piunings : Some 
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Barua, D. X., Wight, W. (1959). ‘Shoot production in culti- 
vated tea {Caruelia siueJisis L.) : I- Apical activity and radial 
growth.’ Phylomorphology. Vol. 9 , 3. Pages 242-250. [*] 


[*] Annual Report. (1966). T, R. A., Cinnamara, India, Pages 
39 & 57. 
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Borbhkita Field Exferimenfal Estate Report 


Labour- Tlic average daily attendance of laixtur during the year com- 
pared with that of last live years was as follows ;- 


1961 

337.18 

1962 

299.29 

1963 

253.31 

1964 

229.00* 

1965 

250.22 

1966 

217.57 

(lower attendance due 

to a strike) 

Crop- The total yield of green leaf during the year compared w4lh 

that of last five years was as follows : — 


Year 

Yield 

1961 

1,31,782 kg 

1962 

1,24,788 kg 

1963 

1,23,483 kg 

1964 

1,26,671 kg 

1965 

1,32,131 kg 

1966 

1,34,730 kg 

Out of the 1966 crop, 1,16,206 kg of green leaf was sold to the Jorehaut 
Tea Comj)any, Ltd. General plucking was slopped on 23, 11. 66. 

Vegetative Propagation- During the year a total of 62,700 cuttings 
were supplied to T. R. A. Member Gardens and our Advisory Departments, 
and as a special case 100 pre-treated cuttings were supplied to the Tea 

Board, Besides these, 1143 clonal plants 

were also supplied to some T. R. 


A. Member Gardens. 

Eighty two rooted cuttings of 4 difTerenl shade tree species were distri- 
buted to some T. R. A. Member Gardens during the year. 

Buildings- Three pucca Labour Quarters and four-pairs latrines 
were constructed during the year. 

Land- Borbheita Field Experimental Estate has been used for about 
50 years for all kinds of experiments on fertilizers, application of lime and 
sulpluir (in heavy doses), diflercnl methods and intensities of soil stirring, 
shade and no shade etc. and as a result many areas at Borbheita have be- 
come unieliablc for future cxpci Imcniation. 1 here is no new land left 
a( Borbhetta; and therefore obtaining an area of virgin land to conduct 
new field experiments has become an uigent necessity. 



ENTOMOLOGY DEPARTMENT 

B. Baxerjee — Entomologist 

STAFF 

There lias been no change in the staff position. 'Fhe Entomologbt 
was on lea\ e and duty from 1 . 5. 66 to 24. 6.66 and from 12. 10. 66 to 4. II. 66. 
During these periods Mr. N. S. Sengupta, Asstt. Entomologist, was in 
charge of the department. 

RESEARCH AND EXPERIMENT 
(N 7) Red spider {O^igonychus coffrae Nietner ) on tea : 

(A) Population variation — Seasonal population vanalif)n under 
following conditions was investigated during the period mentioned against 
each. 

(1 ) Bushes in well drained and poorly drained areas (May - December) 

(2) Bushes in skiffed and pruned areas (April-Dccember). 

Each month 1000 bushes from each treatment were examined. A 
population index, based on ranking of the groups of mites, was used to 
assess the degree of infestation. 

Except in October and November, signihcaiUly high (P^0.05) popu- 
lations were noticed in all months on bushes in poorly drained area. The 
reasons for the deviation during Ociobcr-Novembcr are not clear; a contri- 
butory cause may be that during this period the mites breed slowly. I'his 
study, however, supports the hypotliesis tliat healthy bushes i.e. those 
growing in well drained areas, are less prone to mite attack than weaker 
ones. 

There was no significant difference in the populations of Red spider 
on pruned and skiffed teas, except during May, November and December, 
when skiffed tea had significantly high (P^0.05) mite populations. This 
happened because skiffed tea in general had more foliage tlian pruned tea. 

Assam had in general less Red spider than the China jats. 

(B) Clonal susceptibility — Studies on the mite susceptibilities of 
different Tocklai release clones did not indicate any specific trend of mite 
infestation. Clone TV 9 (106/1) had however least Red spider and was 
significantly (P^0.05) less susceptible to the mite than Clones 4 V 4 (20/6) 
and TV 6 (61/4), but not to other clones. 

(C) Effect of light — Red spiders are photopositivc and move towards 
the light of highest intensity, when exposed to two lights of unequal 
intensities provided die temperature docs not exceed 35 C. 'They 
infest China jats more than Assam jats because in the Ibrmcr light 
penct^at^s deep into the buslics and their phyllotaxy precludes a high 
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rise in leaf temperature. In the field, they lay the largest numbers of 
eggs about dawn and dusk when a change in light intensity takes place. 
In the laboratory, Red spiders can be induced to lay eggs any time 
during a 24-hour cycle, simply by changing from light to dark 
or vice vgrsa, 

(D) Intra-bush variation in distribution — An eight month study 
(May to December) on the distribution of Red spiders in the upper, 
middle and lower zones of mature tea bushes (over 20 years old) 
confirms last year’s finding, that mites colonise the middle zones of the 
bushes more than the other two zones. There was however not 
always a significant difference between the populations maintained in 
the middle and lowTr zones, although each of these poopulations differed 
significantly from the one in the upper zone. Population was always least 
in the upper zone. Although Red spiders are photopnsiti\ c, they arc 
least in the upper zone of the l^ushes where sunlight is most abundant, be- 
cause |iigh leaf temperatures (mostly above 35^ C) in the upper zone inhi- 
bit the activities of the mites. In the middle zone leaf temperatures are 
lower and a favourable amount of sunlight is also avai]al)le. 

(E) Aggregation — Although Red sjuders are knowm to be distributed 
in patches, investigations revealed that on the basis of their locations, 
these patches can have six. different patterns (lig- !;• these 
patterns arc correlated with the number of mites present on the leaves. 







Fig, 1, Patterns of Red spider palclic^ 


10 
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(F) Toxicological studies — Experiments were carried out using 
0.1% and 0.05% ofDessin W, P. (2--st!c-butyl l-4j 6-dinitroplienyl 
isopropyl carbonate) along with 0.037% Keith an e which is a standard 
acaricidc. O.l'^o Oesiin was equitoxic to KcUhane 0.037% 

(Fig. 2). 

dessinou 

OESStNOOSJ^ 

•-KELTHANE0’037;i 



Fig. 2. Effect of Dessin and KeUhane on Red spidl'r 
(N 7) Pink mite, Acaphylla iheae (Watt) Keifer : 

Toxicological studies with 0.0025%, 0.005%, 0.01^;, and 0.02% con- 
centrations of Fenoflurazole (5,6-Dichloro-l-phenoxycarbonyl-2-trifluro- 
methylbenzimidiazolc) show that a I00<>/o mortality under laboratory 
conditions can be obtained only with 0 . 02 % concentration of the acaricide. 
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;>^7) Scarlet mite (Breuipalus phoinicis Oe\l%\ies) : 

Some studies on the effect of liglit on the l>cliaviour of this mite have 
also been made. Unlike Red spider, this mite is photonegative and moves 
away from the source of light. This is most probably one of the reasons 
for its preference for the undersurfaces of leaves. 

fX 7) Comparative ecology of tea mites 

Ecology of Red spider, Pink mile, Scarlet mite and Purple mite under 
the usual field management practices of estates are being studied at Mur- 
muiia T. E. 'I his experiment was started in March 1966. Specieswise 
weekly records of mite populations are being maintained from areas having 
shade or no shade, each with different dosages of manures. The object 
is to find out whether or not these factors have any significant influence on 
the regulation of mite populations. 

Preliminary data covering all mites indicates that although the shaded 
areas have numerically less mite populations than unshaded areas, shade 
does not cause any apparent difference so far as mite damage to tea is con- 
cerned. 

Irrespective of shade treatments, plots manured with NPK at 225-45- 
90 kg/ha ha\ e less Red spiders and Scarlet mites than those manured 
with only 112 kg X/ha. 

{X8) Tea aphis, Toxopleta auraniii Boyer 

(.\) Life history - Laboratory studies indicate the freshly hatched 
nymphs moult four times before becoming adults. The duration 
oi the life cycle varies in dilferent seasons, from 5 days in August-Sept- 
ember to 10 days in December. 

Although both alatc and de-alatc females were seen in the field in diffe- 
vrnt numbers all the year round, males have not yet been found. 

(fl) Predators and parasites — The following predators and parasites 
] lay important roles in regulating the population of this aphis in 
Ihe field. 

(ij Syrphus balteatus De Geer (Diptcra : Syrphidae) 

(ii) 5. serarvis Wied (Diptera : Syrphidae) 

(iii) An unidentified Neuropterous species 

(iv) CryptnganHs bimaadata Kapur (Coleoptera : CoccinellicUie) 
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(v) Scymrws sp. (Colcopicra : Coccincllidac) 

> vi) Vennia vincta Gosham (Coleoptera : CocciucUid^c) 

AphtUnus sp. (Hymenoptcra : Aphclinidae) 

(viii) Trioxjs sp. (Hymenoptcra : Braconidae) 

C)1 tliese (vii) and (viii) are parasites and the rest predators. 

( C ) Population studies — Assessments of a plus j>opulatious were 
made at fortnightly intervals during the year, except during 
No\ ember-Deceinber, because the bushes were then pruned. At each 
observation, the numbers of insects on eight shoots drawn at random 
from each of the outer, middle and inner zones oi 10 bushes were 
counted. The data is presented in Fig. 3. Fhe highest number o( 
aphids was recorded in February. Following this, there was a gradual 
decline \mtil July, when the population was at its lowest. An increase 
was noticed in August, but by Septcmbcr-October, it had died 
down. Fhc position of the population in November-December will be 
studied next year (in 1967) to complete the picture ot the annual popula- 
bon cycle. 



MONTHS 

Fig. 3. Seasonal variation in the Aphis population in outer, middle and 
inner zones of tea bushes. 

(D) Intra-bush variation — In all months, the highest numbers 
of aphids were found in the outer zone (periphery) and least in the 
inner zones (Fig. 3). 
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(E) Susceptibilities of young and mature bushes — A compara- 
tive study of the degree of infestation of young and mature tea was 
made from February to October. 'J'lic assessment was made from 
the monthly counts of infe.sted and uninfested shoots from 25 bushes. The 
data presented in Fig, 4 shows that except in February and October, young 
tea was always more prone to aphis infe-^tatiem than mature tea. 

TEA BUSH 

young tea bush 


U) 



Fig. 1. Seasonal \ ariatioii in the Aphis population in young and niHUirc 
tea bushes. 

(X 3) Shade tree pests : 

(A) Pest distributiou — A surs cy of the distribution and abundance 
of the pests shows that Membiaclds and Green caterpillars on 
Aibizzia odoralissima, Agrilus bcesvm on Albizzia lucida and .T. chimrists^ 
and an Eumolpid beetle on Albizzia chirtciisii were dominant llnoughoiit 
the year, 

(Bj Root borers of nursery and young shade trees, Siervoifra 
(lurobi^fwta 1 h. — Laboratory bred adults laid eggs in Septembcr/October. 
These eggs hatched in Januaiy-Februarv. The larv’al stage lasted 
t«ll May-J une, wlien pupation began. Adults emerged in 
AugusUSeptembei . The approximate durations of egg, larval and 
pupal periods were 120. 130 and 90 days respectively. 
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( X8) Pests of green crops : 

(A) Scale insect — Asterolecanium sp. lias recently been found to 
infest Tephrosia Candida. This scale causes severe damage to its 
host plant by sucking the nutrient sap out of the growing shoots. 
Consequently the plants become stunted. 

Field trials were carried out using single application of Malathion 50’!^, 
E. C. (0.1 Rogor 40 E. C. (0.04 and Lime sulphur (2.5^() of tlie 
formulation'). Malathion and Rogor gave good control of the early ins- 
tars and wxre equitoxic. None of them was, however, very elfeciive against 
adults. Two applications of Malathion and Rogor were fairly satisfactory 
against adults. 

Detailed studies on biology are in hand. 

(B) Flea beetle [Longitarsus sp.): This beetle causes severe damage 
to Crotalaria anagyroides and C. grahamiana. 

Eggs are orange coloured, l^can shaped, 0.54 mm in length and 0.23 
nim in width at the broadest point. Incubation peiiod is 10 da\s. 

Freshly hatched larvae arc pale yellow with brown heads. I hcy arc 
0.90 mm in length and O.IG mm in width. 

These insects can be seen all the year round, the lat gest numbers 
appearing during May-June. 

Beetles maintained in constant darkness in the laboratory coiiMimed 
almost double the ainount of food eaten by those under constant light. 

(NB) Soil Biology ; 

Termites in tea ecosystem — In certain pockets of the tea growing 
areas temaites are abundant. So far 10 difTcrent sjxa'ies belonging 
to four families have been recorded. The new records include .Scotermes 
buxensis Ronwall and Sen Sharma ( Kalotermitidae;, Coptotermes heimi 
(Wasmann) , Rhinotermitidae;, Alicrocerotennes sp., Microcerolermes 
paJiistanicus Ahmed, Odonlotemes Jeac Wasmann, MicroUrmes sp., and 
Capritermes sp. (Tcrmitidac;. Of all the termite families, Termitidac 
occupies the dominant position both in the number of species 
represented and in the num!.)er of individuals of each species. 

Feeding activities of these termites can be divided broadly into three 
groups. (1) Those damaging the living parts of the plant body. UTese 
tertnilcs have specialized in three directions, some attacking only root 
systems, some bark and the other the sap and heart wood of the stem. 
(2) Scavenging termites, removing the decaying and dead parts ol the 
bush, these are therefore secondary pests. (3) Those, including the mound 
building termites, restricting their activities only to the soil. 



population studies of some of die speeics show that while the popula- 
tions of inouiid building termites reach their peaks during July to September, 
ill Ihe \\ood atjd scavetiging termites such peaks arc reached during the 
cold weather. The earthen runs of the live wood termite extend at the 
rate of 7-10 cm per 24 hours during October-Xovember against 1-3 cm 
during March-Aprih 


(\S) Nematological investigations ; 

In addition to the three common root knots, Melaidogyne hapla^ A/. 
)(uanica and A/, imognila arrifa, the following genera of parasitic eelworms 
were isolated horn nursery soil. 

Family : Hoplolamidac 

1. lloplolaimus sp. 

2. i Idkolylenchus sp. 

3. Roiyknchus sp. 

.^'amily : A ylenchidae 
Tylenchu^ sji. 
f>. TyUnchorhynchm sp, 

6. ^iiltmhis sp. 

Family : Aphelenchoididae 

7. Apheknehoides sp. 

Family : Dorylamidae 

8. Xiphinma sp. 


Fr:,in around the roots of matin e tea Imslics Hoploiaimts sp., 
fhis sp. and Paratyleuckus sp. were isolated. A he last named genus lias not 
been obtained from nurseries. 1'he specific identilications, hiologv of 
several important genera and tlirir pathogenieit)' are being studied. 
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(Nd) Tea soil fauna : 

Soil up to a depth of 10 cm was sampled four limes a month fix)in areas 
with mature tea over 25 years old. The samples were processed in the. 
laboratory in a modified Tullgreii fimiicl. Monthly variations in tlje 
populations of soil mites and insects in the samples are shown in Fig. 5. 




JAN.FEB.MAR 
»-APR,MXY JUN 
• JULAUG- SEP. 
W « OCT. NOV. DEC 


Fig. 5. Seasonal variation in the populations of soil mite^ and insects. 

Ten different varieties of humu.s forming diplopods, both lulids and 
Polydesmids were obtained. More of these diplopods came to the surface 
srnl during the rainy season than at any other time. 



MYCOLOGY DEPARTMENT 


G. SATYANARAYANA-MyCOlogist 
STAFF 

The Mycologist was on Annual leave fi om 4. 4, 19GG to 4. 5. GG. 

No change in staff. 

RESEARCH AND EXPERTMEN l 

(Ml) Spraying trials against Red rust ( CipJtaleuros paralitica ) : 

(a) Five chemical formulations viz. Copper sandoz, Fycol BE, Zin- 
cop, I'erbam and Zineb were tested for their prophylactic cniriencA against 
Red rust on two dillcicnt gardens at 0.25‘\) concentration sprayed in two 
rounds at 15 day intcr\'als. using Knapsack sprayers. Assessments were 
made during May-Ju nc. .At one garden the superiority of the co})per 
])ascd sprays confirms previous results. Because the incidence of the Red 
rust infection was low on the other garden, the results were not analysed. 
Copper fungicides sprayed at weekly intervals as against 15 day intervals 
did significantly reduce tlic incidence of disease. 

ih) A comparison was made between the spraying clliciciicy of a 
]’)icssure retaining knapsack s[n'aycr whi{ li is in general use in the tea gar- 
dens and the Fontan (a power sprayer ; lor a second time on a Moran garden 
{.Ann. Rep. 1965) using Chopper Sandoz and Cumnn against Red rust. 
Fontau is more cllicicni for spra\ing llian knapsack sprayers using the 
same amount of chemical (2.5 kg ha), lliough Cuman signifKantly re- 
duced the infection rate, it is clearly inferior to copper fungicide. 

(M2) Branch canker ( Poria Inpohfurnea ) ; 

In December 19G6 four c lie mica Is, viz. Saniar A, Esso Fruit Tree 
Grease, Indopaste and a Copper fungicide as paste wore applied against 
Poria at 'Focklai to the cut surfaces of pruned branches. The incidence 
and development of the disease will be assessed during the next cold weather. 

During the year in review a markctl shortage in the supply of Tndo- 
pasto was ohseiA'ed and hence the st nd\ was undcriaken using possible 
^alternatives. 

Thorny stem blight ( ru'ul ola ) ,* 

4 he effect of lop spraying of a copper fungicide on heavy prttned tea 
followed ])y indopasting of tlie cut smiarc of pnmetl brandies as a prophy- 
11 
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lactic measure against Thorny stem blight of tea is being continued to 
be observed in Darjeeling. 

Effect of N. P. K. fertilizer on the disease incidence is under study in 
one Darjeeling garden. 

(^M3) Black rot ( Corliclu'7! uivhuJti ) * 

Nine formulations, viz. Copper Sandoz, Fcrbam, Zincop, Zineb, Fyrol 
8E, Rrassicol, Daconil 2787, Nickel chloride and Cuman have been appli<'(i 
prophylactically (ApriFMay) on a garden in the Dibrugaih district at 
internals of 2 weeks in two rounds. The assessments were made during 
July. All the chemicals with the exception of Ferbam decreased the 
disease incidence signiheanth . Copper fungicides are indeed, superior 
to all these other formulations tested. 

(M4) Root rots : 

Cross pathogenicity experiments started in 1963 with Brown root rot 
and Charcoal stump rot on tea have not yielded any positive rcsulls so far. 

Purple root rot {Helicobaiidium compactum). 

The trial on one North Bank garden for the control of Purple root rot 
is still under observation. 

(M5) Aerobiological Distribution : A start has been made 
in assessing daily atmospheric spore catches using two modi lied 13eihani 
traps, one being situated at Tocklai aiid tlie other at Borhhetta. It is 
hoped thereby to observe any correlation between meteorological data 
and disease incidence as a possible method of disease forecasting. 

Shade and Nutrient experiment at Murmuria ( BAS 20 ) : 

The incidence of Red rust and Black rot were visually assessed and the 
experiment will further be observed during the next year. No definite 
conclusions are possible at present. 

GENERAL REMARKS 

(i) Purple root rot (Helicobasidium compactum) has been recorded rn 
Crotalaria anagjroides and Prioiropis sp., both obsers^ations being new records. 

(ii) A colour test is under development to detect the degree of con- 
tamination in the factories using a chemical 2, 3, 5, IViphenyl tetrazolium 
chloride (TTC). The chemical develops a red colour in the presence of 
any living organic matter. Colour developed is directly prn| oriinnal to 
the contamination present. 
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ADVISORY 

Touring - Mycologist attended the 53rd Indian Science Congress 

at Chandigaili. 

Lectures — Lectures were given during the Field Management and 
Use of Agricultural Chemicals^ courses held at Tocklai. 

Trainees — Flie following were trained in llic idcntilication and control 
of tea diseases ; 

9 trainees undergoing one year course at Tocklai. 

6 V. P. trainees. 

2 Scienlitic Oflicers of Agency Houses. 



PESTICIDE DEPARTMENT 

T. D, Ml'Kerjea — Pesticide 'i'esling Oliiccr 


STAFF 

No change iu staft' complement. Pesticide Testing officer was 
cii Annual leave from PJtli to 31st December 1966. 

RESEARCH AXD EXPERIMENT 
Screening of Pj sticide5 


(PI) Acaricides ; 

Evaluation of new acmlcldes received in 1966 was carried out against 
dUicrent mite pest« of tea. 

New acaricides against Red spider —I'ield trials were conducted 
against Red spider using Ethion, Metasyslox, d rithion, Morocide Moreslan, 
Mesurol at the rate of 1/25 1, ha and Malathion 2.5 1/ha.d hc experimental 
area was located in a section of mature lea comprising a total area of' 0.4 
hectare. The treatments were applied with Tontaiv power sprayer on 
randomised plots replicated five times with similar control plots left uns- 
prayed. The observations were recorded at an interval of 7 days over a 
period of one month between 14. 5. 66 to 13. G. 66. 

Results — After one week of spraying all the treatments were found to 
reduce the number of living mites significantly over the control. After 
a fortnight from the date of spraying, Morocide was no better than the 
connol and other Ircalmcnts were cquitoxie and significantly better than 
Morocide. Eui tlicr, after a third and fourth week of spraying, Morestaji, 
Ethion, Malathion, Meiasystox and Triihion were cquitoxie and signifi- 
cantly l>eltcr tiian Morocide and Mesurol. After one month of spraying, 
Ethion, Morcstan, Malathion, 'Erithion, Morocide and Mesurol showed 
a percentage morta!ii\ of 100, 97, 95, 88, 68 and 40 respectively. 

Conciusion, 

1. Persistence of Ethion, Metasystox, Morcstan, Trithion and Malathion 
at the doses used during the rains is high and remain effective for 
over a month. 

2. Morocide and Mesurol lose their persistence after one week and their 
effectiveness is progressively reduced. 

New acaricides for the control of Scarlet mite — Morocide E. C. 
and .\[nre.sian \V. P, were found to be very promising acaricides and gave 
as good a protection as did Kcdthanc (Ann. Kept. 1965). 
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In order lo (’oni];aic their clhrai y and ]jerbisleiu:c with that of never 
acaiieidcs a field trial was laid out in a sen ion vliirh was uniformly and 
heavily infested with Scarlet mile, treatments were replicated five times 
with similar control plots left unsprayed, 

Morocidc and Morcsian woe applied at the laU: of 1.25 1 ha only 
once, whereas Elhion, Ted ion, t'lithinn and Mesnrol were applied at the 
rate of 1. 25 1 ha twice at an intcr\al of 15 days, flic observations v\cre 
recorded at an inteiv al of 7 days over a period ot 2^ months between 
5. 2. 66 to 16. 1. 66. 

Results — After one week oi' spraying all ilie six acaricides weie found 
lo reduce the nuinl;er of living miles signilicantly in comparison with 
(’(jiiliol, and Mororific and MoK'stan wck' signihcantly l:etter than all 
other tioatimaits. Alter a fortnight, Moi(aid(“ and Morcsian continued 
to give best control and were cqiu toxic and there was no significant diffe- 
rence between them. After secf)nd applicatir>n of Tthioin d edion, Trithifni 
and Mesnrol, in the third count after 5 weeks of spraying, Mcsurol was 
significantly better than Tthion, Tedion and '1 rithion and ccjuitoxie with 
Moiocide and Morestan. In siieees.sive runnis up to 2^ niontlis all the 
treatments eoiuinued lo register signiiiranih liigli niortalily of Seaiici 
niite.s and tlierc was no signilicant diileixiicr amongst them. After 
montlis Moroeide, Ihhion, Mesnrol, Morestan, 1 rithion and Tedion 
showed a percentage mortality of lifi, 97, 96, ^>4. 69 and 68 rcspcclheK. 


Conclusion. 

1. Nforoeide and Morestan, though afijilied onK once in February when 
there is normally very little rain, remain toxic and persistent for over 
a period of2j monllis. 

2. The effectiveness of Ihhicm and Mesnrol a week aftci' tlieir 'Ciond 
application improved considerably and wck' equitoxie with Morestan 
and Morocidc and continued to remain so up to a period of 2^ months. 

T Tedion which was hldicrto considered an incfl'ectivc acaricide agaiiwi 
Scarlet mile showed that after its second application within a fort- 
night it.s effect ivon ess improves progressively. 

One vs. Two applications of acaricides against Scarlet mite - - 

Kekhanc E. C. is knowa\ to be liiglily effective against Seailef mite. Esso 

Tree Spray Oil has shown good promise. In ojder lo determine wheihi r 

iwo applications nl' I'^so Free Sjuay Oil, Akar, Lime sulphur. RiMor and 



r.katin will iiiipro\e the efTceth cncsii and pcisistcncc as against one appH, 
( iitioit of KclihaiH\ a conipara(i\ c field trial was carried out in a section 
wliicli was uniformly and heavily infested wit It Scarlet mite. Treatments 
were replicated five limes with similar control plots left unsprayed. Keh 
thane was sprayed 1. 25 l,ha only once. Roger, Ekatin and Akar (tl 1.25 
1 ha and Esso Tree Spray Oil and Lime sulphur (ff 12.5 1/ha and 28.5 
l/lta respect i\ely were spra\ed twice at an iulcr\al of 15 days. 

The observations were recorded c\ ery week over a period of 2^ months 
between 3. 2. 66 and Uk E 66. 


/u ja/i ‘- -After one week of fu st sprav ing all the trealmcnts signifi- 
cantly reduced the Scarlet mite po[)iilation over the control . Best results 
were oljiiaiued with Kellliaiie. Esso 1 rec Spray Oil and lame adphur and 
were cquiloxic, "1 hese were also significantly lietter liian Kogor, Akar 
and Ekatin. After two weeks of first spray ing Kellhaiie, Esso 'i'rec Spray 
Oil, Akar and Lime sulphur were eipiiloxic and significantly better tlian 
Rogor and Ekatin. One week after second application, except Ekatin 
and Rogor all the treatments impicAed considerably and were crpii toxic, 
but Akar and Eirne sulphur were not signideaitlly belter than Rogor. 
Two weeks after second application.^ Kelthane. Esso 'hiee Spray Oil. 
Akar and Lime sulphur were significantly better than Ekatin and Rogor 
and there was no signilicant differetice betwecai them. ’The peisisicnce 
of Roger and Ekatin fell abruptly and they were no Ijcller than control. 
In successive counts up to 2.1 months, Kelthane, Esso dree Spray (hi, 
Akar and Lime suljjlun contituicd to show sigiiiheaiuK liigli moiialilv 
of Scarlet mites and tlicy were equiloxic and ^ignifuanll\ bettor tlian 
Rogor and Ekatin. In fact in lAalin trealod phits, the Scarlet mite popu- 
lation was almost same as eouirol plot. 

After 2}i moiulis Kelthane, Esso 1 ree .Spray Oil, Akar, I.ime suljdiur, 
Rogor and Ekatin showed a pet eentage mortality ol 97, 96, 91, 93, 35 and 
13 respectively. 

Conclusion. 

1. Kelthane sprayed only once in Eebruary when there is little rain, 
was highly elTcctbc against Scarlet mite and its persistenee lasted 
over a period of 2^ nionllis. 

2. Esso 'J rec Spray Oil, Akar, Lime sulphur sprayed twice at an interval 
of 15 days during the same period were liighly persistent and were 
equally cfTcctivc as Kelthane up to a pciiod of 2^ months. 



3. Roger was c (Tee live up to two weeks after first spraying but did not 
improve after second application and continued to lose its persistence 
till the end i. e, months. 

4. Ekatin was worst of all the acaricides used and its persistence pro- 
gressively reduced even after two applications within a foitnlght. 

New acaricides for control of Pink mite — Keltliai e E.C. and Akar 
338 are known to be effective against Pink mite. Elhion Ik C. was lound 
to be promising and gave a good pioteclion as did Kelt bane and Akar 
;Ann. Rep. 1965). 

In order to compare the cflicacy of Elhion ^1.25 I ha) , Esso dVec 
Spray Oil ^12.5 6.25 1 ha and 3.125 i,ha) and d’edion M.25 I /ha) 

with that of Kelilianc E. C. (1.25 I lia; and Akar 1.25 1 lia), a field trial 
was laid ont in a .section wlheli was (Avniy and moderately infested with 
Pink mite, d’lcalmenl.s were replicated live limes wilh similar control 
plots left unspra\ed. Observations were rccoKhal e\ c i \ week over a period 
of one month between 16. 7. 67 and Hi. o. ()7. 

Result — In all the four counts dtiring the pciiod of four weeks, all 
the acaricides were found signihraiuly better than conuol and tliere \sas 
no significant diflcrencc between them. After one month of spraying, 
Kehhane, Ethion, Akai, Es.so d rei' Spiay ( )il 12. 5 I, 6. 25 1 and 3. 125 1 
per ha) and d edion showed a perceulagc nu'i ialit\ of' 100, 99, 1-k 97. 97. 97 
and 96 respectively. 

Conclusion. 

1. Ethion, I^.sso d ree Sj>ray Oil .nul dedlon, at die doses used were 
highly effceti'.e against Pink mite and their peisistenee and cflVciivc- 
ncss is comparable wiili that of Keltliam' and .\kar. 

2. Esso dVec Spray (Oil even at the lowest dose of 3 l ha teas as en'ectisc 
and persistent as Kehliane. Ethion and Akar against Pink mite. 


Acaricides for the control of Purple mite — Eield trials were con- 
ducted f.gainst Purple mite using Kehliane, Rog('r, Ekatin, .\kar at tlie 
rale o{ 1.2:) 1 ha; and Esso dree Spray Oil and Lime sulphur g?12.5 I ha 
^nd 28.5 1/ha respectively, d'hc experimental area was located in a sec- 
tion of mature tea compri.sing a total area of (h i hectare. J lic treatments 
were applied wilh Eon Ian power spiayer on randomised plols replicated 
five limes with similar control plots left tinspraycd. dlie obsor\ations 
Were recorded at an inlcrvtd of 7 days. ov<‘r a jicriod of one montli I)ctwecn 
'^ 2.(36 and 3. 3. 66. 
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Result — After one week of spraying all the six chemical treatments 
were significantly better than the control and were equitoxic. After two 
weeks, Kelthane, Esso Tree Spray Oil, Akar and Lime sulphur were 
significantly better than Rogor and Ekatin. Rogor and Ekatin were, 
however, superior to control but there was no significant 
difference amongst them. In the successive counts in third 
and fourth week after spraying Kelthane, Esso Tree Spray Oil, 
Akar and Lime sulpliur maintained their persistence and effectiveness? 
and were equitoxic. Rogor and Ekatin progressively deteriorated and 
at the end Ekatin was no better than control. After one month, Esso 
Tree Spray Oil, Kelthane, Akar, Lime sulphur, Rogor and Ekatin showed 
a percentage mortality of 100, 99, 98, 88, 38 and 37 respectively. 


Conclusion, 

1. Kelthane, Esso Tree Spray Oil, Akar and Lime sulphur at the doses 
used were highly clfective against Purple mite and these remained 
persistent up to a period of v)ne month. 

2. Rogor and Lkatiu were partially clfcctivc \ip to two weeks. After 
Vxo weeks these lost their effectiveness progressively and at the end 
of the mouth they were no better than control. 

Insecticides : 

Comparative efiicacy of Malathioti, Rogor, Ekatin, Chlordane 
and Dimecron against Scale insect ( Flj.riuiu Ikeae ) — Malathion is 
known to control Scale insects. Rogor, Ekatin and Dimecron, the systemic 
insecticides, were tried this \'ear in comparison with Malathion and Chlor- 
dane for the control of Scale insect. The Iriai was conducted on a mature 
tea in a section which was moderately infested with Scale insects. Spray 
was applied with Fontan power sprayer on randomised plots replicated 
five times with similar plots left unsprayed. All the treatments were applied 
1.25 1/ha. The observations w^rc recorded at an interval of 7 days over 
a period of one month between 4. 2. 66 and 7, 3, 66. 

Results- All the five treatments were found to reduce the population 
of Scales significantly over the control at one week after the application 
of treatments. Best results wore obtained with Malathion, Clhlordanc 
and Rogor and these were significantly 1:)ettcr than Ekatin and Dimecron. 
After two w'Ceks of spraying tlu^y were e juitoxic but significantly better 
than control. After one rnunlh Rogor was significantly better than all 
other treatments. After one inortih, Rogor, Dimecron, Malathion, Ekatin 
and Chl(?rdane showed a pcixentagf' mortality of 96, 75, 72, 71 and 67, 
respectively. 
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Conclusion, 

1. Malathion gave a better initial kill of scales but lost iis persistence 
progressively at the end of the month. 

2. Rogor did not show a high initial kill but improved progressively 
and gave highest kill at the end of the month. 

3. Chlordaiie, Ekatin and Dimccron were eqiii toxic with Malathion 
but inferior to Rogor, 

New insecticides for the control of HeLpdiis Thiodan, 

a new hydrocarl^nn insecticide aird Anthio. an organophosphaie were 
irijd this year in comparison with llic standard in.scctifides. DD'h and 
Dieldrin for the control of Helopeltis (heivora of tea. 

The trial was conducted in the Dooars on mature tea in a section wdiich 
was moderately infested with Helopeltis iheivora. DDT, Dieldrin and 
Ihiodan were applied 2.5 I ha and Anthio 3.75 1 ha with Holder 
Harriden knapsack sprayer. The chemicals were applied on randomised 
plots replicated live times. The observations were recorded at an interv^al 
cf? days over a period of 15 days betw^een 14. 10. 66 and 29. 10. 66. 

- After one week ofspraylng, best result was obtained with DDT, 
and it was significantly !>ctter than d'hiodan, Anthio, Rogor and Dieldrcx. 
Ihcrc was, however, no signilicant didercncc between Anthio, Rogor 
and Dleldrex. After two weeks all the treatments were significantly better 
than coiitrol and tlicre was no significant di (Terence amongst them. 

At the end of tw'o weeks, DDT’, Dieldrin, Thiodan, Anthio and Rogor 
showed a mortality percentage of 97, 95, 88, 86 and 84 respectively. 

Fungicides : 

Nickel chloride, Guprocol andForoplant against Blister blight — > 

A field trial was laid out in Darjeeling in a section where infestation of 
Blister blight had occurred every year and bushes were pruned in cold 
weather of 1965. Altogetlun’ (bur rounds of spra)ing were gi\en at an 
interval of 7 days. 

Statistical analysis of the results has yielded the following information: 

!• That Nickel chloride at the rate of 3.75 kg ha and 2.5 kg ha and 
Cuprocol at the rate of 2.5 kg ha were superior t(^ Toroplant in effec- 
tiveness but Cuprocol was quicker in action than ih it of Nickel chloride. 
That after four rounds of spraying both the concent rations of Nickel 
chloride were cquitoxic and that there w’as no significant difference 
hi their edicacy up to a periotl of 1 month afim a]qdication of last 
round. 
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3. Foroplant was slow in action and lost its persistence piogrcssivcly. 


Nemadcides : 

Comparadve efficacy cf dilTcrcut nemadcides against Root 
knot nematodes in Tea— It has been established that Ncmagon is the 
best nematicides so far used and is an economic proposition. Hexa- 
Ncma and \ apam which wcix tried before but did not prove to be belter 
thin Xernagoa at the doses used. A new granular ibrmulation of EDB 
was received this year for comparing its cfhcacy against Ncmagon ai:d a 
held trial was laid out at focklai. The granular EDB was used (n; 380 kg. 
per hectare. The experimental design was a randomised block with fi\e 
replications of each treatment with control plots left untreated. 

Statistical analysis of the results lias yielded the following information: 

a. The percentage of plants free from root-knot was significantly higher 
in Nemagon and EDB granular treated plots than the untreated 
control. 

b. The root-knot indices were significantly lower in Nemagon and EDB 
granular treated plots. 

c. Number of seedlings which reached plantable size were significantly 
greater in Nemagon treated plots than in EDB granular treated plots. 

(P4} Taints of Made Tea Due To Application of Pesticides : 

rrithion E. C!., Sulkoi and C'uman were tested to find out whether 
they taint the made tea. With the exception of Sulkoi, others do not taint lea. 

(P5; Residue : 

Field trials were conducted during dry and wet weather condition 
to evaluate residue of d’rithion, Morocide, Morestan and Mcsurol. The 
results are awaited. 

(P6 Eelworm (Nematodes) : 

Ectoparasitic spiral nematodes — Rolylinchus sp., IJclufih'l'ttchus 
sp., Hoplofaimus sp. ectoparasitic spiral nematodes have been isolated 
in large numbers around the roots of stunted lea seedlings in mu scry 
beds. Their suspected pathogenecity in tea seedlings is being 
investigated. 

ClrT'Fica I icx cr PKriic.OLs ami Herbicides 
During the year G new products were received for oflkial tests. Certi- 
ficate of .^prroval f w 13 prodiiels were issi u’d and 14 C’crtificates were 
renewed. 



BIOCHEMISTRY DEPARTMENT 


S. B, Ded- L\-Chargr 


STAFF 

Dr. S, L. Mukhcrjrc jnlncd the department as Biochemii^t in March, 
196G and resigned frem the Association’s set \ ice in August, 1960. Sub- 
sequently Mr. S. B. Deb has been in charge of the department. 

Mr. K. C. Jaiswal, Stenographer, was transferred from the Directorate 
(o this department in October, 1966. 

RFSFARCiJI AND EXi’FRIMFM’ 

(C 1 ) Chemical Constituents of Tea Leaf : 

Flavour components — Aroma is a complc.K mixture of aldehydes, 
ketones, esters, alcohols and hydrocarbons both aliphatic and aromatic. 
Careen tea leaf growing on the bush has no aroma; it is developed only 
when the leaf is processed for the manufacture of tea. 

Fresh Bctjan h^af was fmtly minced and kept immersed in 
low boiling pclrolcurn spirit for about 1") day*'. 1 he solvent was then 
distilled ofi‘ to obtain a concentrate rich in aroma producing coinpciinds. 
'fiiis was then fi action a ted by column chromatograph)' using Brockmann 
okimina as adsorl:cnt. '1 he column was developed by solvents cither iii 
ihe pure state or in mixtures. 1 he solvents used were low boiling petro* 
loum spirit, benzene and alcohol. 

As many as 150 fracilons of cliluents were collected, some of which, 
m removing the solvent^, ])iodured the characteristic odours of citroncllol 
iind gcraniol. Thin layer chromatography using silica gel revealed the 
I'lesence of citroncllol and gcraniol. Besides the above substances, some 
<'‘f the efiluents, on removal of solvents at room temperature, produced 
white solid compounds having delinitc melting ])oints and pleasant odours, 
^omc other coloured solid compounds were also obtained which await 
purification and stud), 

IHfferentiation of Flavoury and non-Flavoury Teas — Preliminary 
experiments have been carried out to distinguish flavoury 
Darjeeling) and non-flavouiy (Assam) teas. I'he \olalilc matters from 
these teas were steam distilled and dinitrophein Ihydrazine '( DNP ) 



derivatives of the carbonyl compounds present therein were preparcrl by 
bubbling the distillate through DNP solutions. Study of the absorption 
spectra of these DNP deriv^atives in alcohol revealed that there was 
not much difference in the carbonyl compounds of the two types of teas. 

Attempts were made to differentiate the teas in respect of their aldohydr 
and alcohol contents. 50 g of each type of teas were lincly powdered and 
refluxed with 300 ml of petroleum spirit for 4-5 hours. 'I hc extracts were 
evaporated and the materials exainiiicd spcctropliolornetrieally after sui- 
table colour development, using reagents specific for the test of aldehyde 
and alcohol. It was observed that there was no sharp difference betwc-ui 
the two types of teas. 


The materials were then dissolved in acetic acid and in ehlorofonn. 
The spectral absorptions were recorded from 250 m^l to 510 mp. Bnili 
types of teas showed absorption maxima at 270 mil and 445 mp; but Assam 
teas had higher absorption than the Darjeeling teas at all wave lcngdi<. 
It is difficult at this stage to make any statement regarding this difference 
and an extensive study of a large number of flavoury and non-flavouiy 
teas from various sources need to be undertaken before arriving at any 
definite conclusion. 

Polyphenols : 

Biosynthesis of Polyphenols — Clomplemeiiiary to our nbseivt- 
tion [^] on the fall in sugar content aiuil the c onse'picnt increaH- in the 
phenolic matter at the end of the niglu. fuilher work to study the role <>1 
sugars in the biosynthesis of po]\ phenols 5i tea lc“af was undertaken. 

All the experiments were carried nut in the lalroratory at room tem- 
perature ;28' - 32 Cd. shoots were phukeci and a part oi tlicse was 

dried immediately. This part was used as the control sample. Shoots 
from the rest of the sample were fed separately with glucose and sucrose 
solutions of different concentrations for 24 hours, after which each lot was 
dried. The individual polyphenols were estimated in both the treated 
and the untreated dried samples, Tlie treated samples were found 
to contain higher amounts of polyphenols than the corresponding control 
samples. At the same time, it was observed that a decrease in the quan- 
tity of sugars used in the solutions for feeding the samples occurred. 'T’he 
fall in the concentration of the sugars and the increase in the phenolic con- 
tent of the treated samples might have resulted from the utilization of a 
part of the sngaix absorbed by the shoots in the synthesis of tlie polyphenols. 



Ouring the 24 !iour period of the above c\pcriniei)t, the samples weie 
left in daylight Ibllovvcd by night and finally in daylight. So (he .synthesis 
of the polyphenols took place in alternate presence and a!)seiice of photo- 
svnthesis. In the dark period, in absence of photosynthesis, no extra sugar 
could have been produced although the loss in- sugar owing to respiration 
of the tea shoots continued throughout the period. In order to study the 
synthesis of the polyphenols in (he presence of continuous photosynthesis, 
tea shoots fed with glucose solution were exposed to light from a 100 watt 
electric light bulb throughout the 24 hour period. Estimation of the 
polyphenols revealed definite increase in the phenolic content of tlie fully 
lighted samples over their controls (leaf dried immediately after plucking). 

In our experiments on the time of plucking of tea shoots [^], a high 
degree of biosyntiicsis of polyphenols from the sugar accumulated in the 
day time througli photosynthesis, appeared to have taken place in dark- 
ness during the night. In order to study tlic biosynthesis of poK phenols 
in darkness tea shoots wcae fed with ghu'ose solutions and kept in darkness 
for 24 hours under laboratory eoiidi lions. A similar set of samples was 
also kept iind('r light for the same period. I he phenolic contents of the 
samples kept in darkness as well as in light increased o\er their control.^, 
fhere was however, no significani difference in the degree of biosymliesis 
of polyphenols between samples under light and darkness. More precise 
study would, however, be necessary on tins, 

I’he effect of different radiations on tiic syntluwis ot ]><)1\ phenols in tea 
shoots fed with glucose solution was also studied by keeping the samples 
imdcr i ultra violet lamp (3 hr . ordinary electric light 18 lir and fina- 
llv ultra violet lamp ;3 Iir); li) infra red lamp '3 hr . oitlinary electric 
li»lu 18 hr' »md iinalK infra reel lamp 3 hr ; iii ultra violet lamp 
in combination with ordinary electric light : 18 hr ' and iv intra red lamp 
ill conil)inatiou w’ith ordinary electric llglil 18 hr . llie j>henolic content 
in each of the treated samples was found to increase compared to that In 
the eni rev]K>iKling ('ontrols. It was hmvcvi'r oi>s(aved that ultra violet 
in combination with ortlinary light seemed to (Mihance the d(^gi\e of syn- 
thesis of the poK phenols. 

From the foregoing study, it has been aflirnu'd dial sugar plays s[:>cciiic 
role in the biosynthesis of jiolyjjhenob. OjUinuim ])hoio,>ynthesis is 
likely to produce a greater amount of sng«n‘ in the tea plant and thus a 
higher phenolic rontenl may be expected to residi, which in turn.w'ould 
reflect in liquor characters of made teas. 

'^1 5) Chemical Assessment and Differentiation of Clones : 

fhe broad aim tif the project is to make bioelKanic.tl assesvineni and 
clifrercniiation of se\on clones released I'roin I’ockh'.i by catimaling those 
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clictnical constituents of leaf and made tea that are usually considered 
impoi'tant in determining liquoring characteristics. The study was further 
extended by the inclusion of one jat. As it was not possible to analyse all 
the eight samples in a day, they were divided into two groups of 
four each. Both groups were plucked at weekly intervals on Mon- 
days and Wednesdays respectively. The teas were manufactured by the 
Orthodox and the C. T. G. methods in alternate fortnights. The full 
range of chemical analysis of the samples of leaf and corresponding teas 
could only be undertaken once in a fortnight. 

Group 1 

Tingamira 
Clone 14/9 
Clone 20/6 
Clone 106/1 

Group 11 

Clone 3/77 
Clone 20/23/1 
Clone 19/29/13 
Clone 1/7/1 

Analyses of fresh leaf and made tea were carried out and altogether 
twelve repeats were made during the season. The teas wore tasted and 
evaluated for the imj)ortant liquor characters such as colour, strength, 
briskness, brightness and quality by five tasters, one at locklai, two in 
Calcutta and two in London, to whom the samples were sent under coded 
numbers. 

The analyses of leaf and tea comprised tlie following constituents : — 


Tocklai vegetative clone 

jy >3 >3 

33 33 3 

33 33 33 


Commercial Ja( 

Tocklai vegetative clone 
»! ?? )) 

57 75 77 


Leaf 

Moisture 

Jblal soluble solids 

Total polyphenols (Low^cnlhal ■ 

Water soluble nitrogen 

Caffeine nitrogen 

J'olal riitiogcn 

Trotcin nitrogen 

Enzyme activity (QP 2 ) 

1 otal uptake 
Individual polyphenols 


Made tea 

Moisture 

Total soluble solids 

Total polyphenols (Lowcnthal) 

\V'atcr soluble nitrogen 

Caffeine nitrogen 

Total nitrogen 

Protein nitrogen 

Ash 

Crude fibre 

Creaming Iiide.x (C. I.) 
Theaflavins (TE) 

Thearubigins (TR) 



( ‘-'I j 


There was little variation in moisture i'r)nicnt of the leaf during the 
season. Seasonal variation of some of the important ingredients was appa- 
rent though on many occasions the variation was haphazard. A progre* 
ssive fall in total polyphenols, caffeine etc. was evident during the latter 
half of the season. 'Fhough very high values for oxidase activity were 
obtained during the early part of the season, as well as in August, they 
decreased during the latter part. It is the general experience that North 
East India produces its best teas during second flush and thereafter the 
quality deteriorates. The reasons for this failing off appear to be complex, 
but it seems likely that one of the causes is a drop in the amount of poly- 
phenols and their oxidation products associattxl with the decrease in enzyme 
activity of the fresh leaf. 

The average values for some important chemical ingredients of 
leaves and corresponding made teas from fuie jat and seven clones 
calculated on dry weight basis, arc presented in Table I. 



Table 1. The average values for some important ingredients in leaves and corresponding teas from Tingamira fat and 
seven clones calculated on dry weight basis. 
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It is apparent from the table that the variations in the soluble solids 
between clones are not so wide as to l)c of significance l)iit polvphcnols 
foNidisablcs) vary widely between 32 A% and 

As only three of the polyphenols contained in tea leaf are oxidised du- 
ring tlie process of fermentation, an (Viimat(* of these phenols is given by 
the ligures for total uptake measured with the Warbuig apparatus. I’he 
innpoitant role plaxcd by tiv/Anw activity and phenolic content of the 
leaf in determining sonjc of the liejuor characters is an admitted fact. The 
value of the product of enzynu* activity and total uptake gives an indica- 
tion of the fcrmcnllng proj^erty of the leaf and sr»me of th(' liquor charac- 
ters. such as strength and colour, 1 1ms, liic higher the analviical values 
the more pronounced will these eharactcis be in the lltpiors. 

Considering the clonal and the Tingamira jV;/ leaves the variations in 
QC). and tlu' ptoduels of (X). and total uptake, are appreciable, d'he 
latc^ of fermentation f.e rbaH s 3)23 1 and 19 2U, 1 j are veiy high and are 
nearly lire same, (flone 1 7 1 l!a^ the hrwcst (.)(). value l)t:t the highest 
quantity of total poK phenols indi- ating that it would i roducc teas with 
some strength although its rate of ferntcniaUnn U low. d here arc also 
wide variations in the product of (X).* and total uptake, ranging from 
151.1 for clone a 77 to 22h.5 for clone 19 29 13, llins the clone 3 77 
liaMug \cry U,\\ \ alius ihi enzyme atthity and the pn.dact of enzyme 
actis ity and tot^d upt.ike should lerinent slowest <)t all the se\'en clones 
that have been analysed and the colour of tea made from this clone was, 
in lact, always been greenish. 

The variation in protein nilr'ogen, although irregular, shows a tendency 
to increase with the advancement of the season. The clones which pro- 
duce teas luw ing gooil lifjuor characters contain on an average a low pro- 
tein nitrogen eontcrit. Ihis low protein nitrogen content may also be of 
importance when relating quality of tea to chemical composili(]n. 

The detailed interpretation of the results and their correlation with 
tasters findings for dilTcrent characters arc awaiting statistical computation. 

ADVISORY 

Touring — The Biochemist was on tour to Xcw Delhi from 15th to 
ISih March, 1966 to altciul a meeting of the Indian Standards Institution 
held in connection with drawing the speeificadon for black tea. 

Testing of samples — 115 samples of tea were tested during the vear. 

Correspondence — 322 letters were issued during the year of which 
64 were of advi.sory nature. 

Reference 

[^] Annual Report. (1965)^ Tocklai Experimental Station, pages 
91—94. 
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MANUFACTURING ADVISORY & TEA TASTING DEPARTMENT 

R. Ghoudhury — Manufacturing Adviser & Tea Taster 

S. K. Baxerjee — Second Tea Taster. 

(Tl). Tasting — During the year a total of 27,980 sampler \ve* t‘ (asu.i. 
The following are the breakdown figures 


Departments 

Xo. of samples 

Manufacturing Advisory & Fea Tasiing Dept. 

87 

Agriculture Dept 

638 

Advisory Dept 

274 

Botany Dept 

3,529 

Pesticide Testing Dept 

27 

Engineering Development Dept. 

947 

Experimental Station, W. B, Mai 

1 hIdO 

Eotal 

6,642 

Manufacturing Advisory (Muster ) samples 

3,864 

Clonal samples sent by estates 

17,474 

Grand Total 

27,980 


(T2). Manufacture and tasting experimental samples received from tl - 
following departments : — 


(1). Manufacturing Advisory & Tea Tasting Department : 

(i) Chemical wither — Experiments carried out in the past wiih 
leaf iromjats have indicated that it is necessary to store the leaves at leau 
for 15 hours before rolling even if the desired physical wither can be ob- 
tained by artificial means in 2-^ hrs. The object of this experiment was 
to find out whether this required storage period is differmt for clones. 

Leaves were plucked from the clones TV I (19. 29. 13), TV2 (20. 23. T, 
TV8 (3.77) and Betjanja/ and brought to the factory in the shortest possible 
time. The leaves from each of the clones and the jat were then divided 
into 4 lots. Three lots were stored thickly (about 10 cm ( I'’ - (hick) bebue 
withering them in the tunnel. Storage times for these were taken as tlic 
total tim^ between plucking and rolling and were 9 hrs, 15 Ins and 18 hrs. 
The conditions in the tunnel was so adjusted that all the three .sani})f s 
stored for different length of time were witliered approximately to tbc 
same degree (75%). 
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'll;c fourth sample was withered naturally. 

Ihe valuations given by the Tocklai Taster to the different treatments 
arc giv(‘n in Tabic 1. 


Table I. Average valuations for different hours of storage ( 1966 ) in Rs.jkg 
of made tea 

Taster ; Tocklai 


Treatments 


Critical 
difference at 

C.V 

% 

Clone 9 hrs 

15 hrs 

18 hrs 

Natural 
wither 
(approx 
20 hrs 

ISO/ 

^ /o 

1% 


(Ij I ^2) I {3j i (4) 

(5) i (6) 

(7) '(8) 

Betjan ' 5.50 5.95 

5 .96 

6.02 

0.38 ' 0.54 1 4.2 

1 1 

'IVl i \ \ 

l;i.29.l3 . 3.9U X.18 * fi.46 

‘ ^ i ' 

j 

6.40 0.30 

0.42 

3.2 

I 

h\2 i ; 

20.25.1 ‘ 5.78 I 6.01 | 6.18 

6.12 

0.22 

0.30 

2.2 

l\i! ! 1 

3.77 ' ir, ; 5.02 

^ I 

5.88 ; 5.86 1 0.22 

1 

0.30 2.4 


1 V'an tlic al)o\c table it can be seen that there is no significant diffe- 
i nr- Ix'lwxc!! the ^ainples sioi ed for 15 hours, 113 hours an.d Natural wither 
'' iii'r the samjies stoi t tl for 9 hours arc significantly inferior in value com- 
i>arcd to the other trealincuts. 

I li(‘i t f(,j r ior clones as Ta jats it is desirable to store the leaves for at 
hu>t 15 Itours prior to green leaf processing. 

'2;. Manufacture and assessment of teas from experiments of 
the Agriculture Department : 

Jaaf samples from plots under different pruning cycles with varying 
of .sc\eril) ^priinc, deep skill icdiurri kiff K.\pt. BI5/1.I) 

^'■^rc inanufaetuied and tasted. No significant difference was obtained 
the treatments. 
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Teas tipped at varying heights between 10 cm - 20 cm (Expt. B20) 
were manufactured and tasted but no significant difference was obtained 
between the samples. 

Plots receiving 90 kg, 133 kg and 180 kg niirogcn/ha in the form of 
sulphate of ammonia (Expt. B104) w^re sampled for manufacture and 
tasting. No significant diffeience was obtained between the treatments. 

Samples from treatments receiving dilferent combinations of nitrogen, 
phosphate and potassium (Expt. BU2) were tasted, leas receiving 90 
kg/ ha of each of nitrogen, phosphate and polasbium gave higher valuations 
than the teas receiving nitrogen alone. 

Leaf samples from plots receiving nitrogen at ilie rate of 90 kg lia in 
the form of ammonium sulphate nitrate, urea and sulpliatc of ammonia 
(Expt. Bill Li were manufactured. Application of sulphate of ammonia 
did not show any difi'cicnce in the valuation of the made teas as compared 
to those from the control (no manure > plots. Urea, however, gave signifi- 
cantly lower \ aliiaiions compared to calcium ammonium nitrate and con- 
trol. 


(3). Manufacture and assessment of teas from experiments 

of the Advisory Department : 

^11 r, K. 2>4 produced significanily 

syiacriox. teas compared to ilic tea made hum plots rercMving nitrogen 
alone at the rate of 1 12 kg ha - Expt. ASll!, 

It is interesting to note that similar results were obtained in experiment 
B112 mentioned earlier. 

Leaf samples from ploL>> receiving 112 kg nitrogeri ha and 217 kg nitio- 
gen/ha applied in single and divided doses were mannfactincd. leas 
from both the nitrogen levels applied in one dose did not have any signi* 
licant difference in quality. When the higher Ics el of nitrogen was applied 
in, divided doses in eight monthly applic ath)r.s there was no significant 
difference in the valuation of the teas from tiic single dose, Init when 112 kg 
nitrogen; ha was applied in cli\idcd doses in four montlily applications 
the quality was inferior to die siugde do.se. I'hc rea.son for tins latter result 
is not understood and the matter needs further iin esligatlon. 

Teas made from plots that were pitmed (\ cm upg nu'dium skiffed anfl 
deep skiffed (Expt, AS 13; had no diffcieiicc in quality as already observed 
in Expt. B 15/ 1.1 mentioned earlier. 
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The above findings of the experiments of the Agriculture and Advisory 
Departments are from one season’s manufacture only. 

(4). Manufacture and tasting of teas from experiments of the 
Botany Department : 

Mother bushes for selection of Vegetative Clones, clones and progenies 
under long term trials and samples from C-5 experiment were tasted. 

The object of the C — 5 experiment is to find out if there is any relation 
between taster’s assessment of liquor characters and chemical constituents 
of green leaf or made tea. 

(5j. Manufacture and tasting of teas from experiments of the 
Pesticide Department : 

120 samples were manufactured for residue trials and 27 samples were 
inanufac lured and lasted for tainting. 

iT3 . Testing of commercial products : 

"‘Safo'’ cleansing powder snpplitxl i)y Indn^iiial supply Agency 
26, Gopi Mohon Duiia Lane, Galciiua-3 was icsied and found suitable 
tor use in tea factories, I'nr cleansing fermenting suifaccs and green leaf 
processing machines. 

2). P. V. C. lielling man ufac lined liy Indusirlai Lubber Products 
. riie Dunloj) Rubber C!o. India s Ltd., 62 - .V, f ree School Street, Cal- 
cutta; did not irnjKirt any talnl to ih(‘ made leas and was found suitable 
lor use in tea factories as coiucyor I)ehs, Ihnvevcr, it ^^as suggested that 
making the material a little more tlcxible would be of help. 

ADVISORY 

Touring — 4'hc Manufacturing Adviser & d’ea Taster \isited 114 
iactorics in Assam, Dooars and Darjeeling for advising on manufacture 
and group tasting of teas were held on ibiir occasions in four difl'erent 
circles. 

Lectures — 'Two lecture courses ou Laclory Mkinagemcnt and two 
lecture courses on Miniature Manufacture together with demonstrations 
were conducted by the Department in co-operation ^vilh the Biochemistry 
and Engineering Development Departments. 

Survey — A sur\ey was undertaken to find ovit the quantity of tea 
m’de by different methods for the seasons 1961 and 1965 in N. E. India 
excluding Darjeeling). Tables 2,3 and graphs I, II, an4 III show 
I he trend. 
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Table 2. N. E. India 


Method of Manu- 

1963 

1964 

Increase 

' 1965 

Increas 

facture 

% pi'o- 

% pro- 

or dec- 

p 

c - 

or doc- 


duction 

duction 

rcasc com- 

duction 

rease 




pared to 


comparer 

1 



1963 


to 196J 

Orthodox 

21.52 

16.61 

- 4.91 

19.22 

-1 2.6 

C. T. C. 

64.76 

69.15 

, 4.39 

66 . 93 

- 2 2 

Legg-cut 

10.07 

11.52 

1 1.45 

11.00 

- 0.5 

Rotorvane 

3.65 

2.70 

- 0.95 

2.83 

O.I 

Table 3. 

Assam 



Method of Manu- 

1963 

1964 ^ 

Increase 

1965 ’ 

Increas 

facture 

% pro- 

pro- 

or dec- 

"u pro- 

or dec- 


duction 

duction ■ 

rcasc corn 

dneiion 

c rease 



1 ' 

j)arccl to 

comparer 



i 

i 1 

1 963 

to 1931 

Orthodox 

16.94 

13.94 

- 3 . Of.) 

15.44 

1.50 

C. T, C. 

79.01 

82.84 

- 3.33 

31 .03 

- 1.81 

Legg-cut 

— 

— 

- 

- 


Rotorvane 

4.05 

3.21 

- 0.81 

.3 . 52 

0 31 

Table 4. 

Dooar:> & Terai 



Xfethod of Manu- 

1963 

1964 

Increase 

1965 i Increase 

facture 

% PJ'O- 

' o Pi'o- 

or decrca 

’.’u pro- 1 

or dec- 


duction 

duction 

-m: com- 

duction i 

crease 




pared to 

1 compared 




1963 

j to 196 1 

Orthodox 

26.20 

21.45 

' -4,75 

26.32 

: 4.87 

G. T. C. 1 

32.65 

37.52 

- 4.87 

; 37.73 

0.21 

Legg-cut 

38.29 

39.04 

1 i 0.75 

31.12 

- - 4.92 

Rotorvane 

2.86 

1.95 

1 -0.9) 

‘ 1,81 : 

- O.M 


Total quantity of tea covered by the survey : 

1963 = 62.57';;, 
19G4 = 61.35% 
I%5 - 59.59^;;, 
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Graph II 
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ENGINEERING DEVELOPMENT DEPARTMENT 


D. N. Baruora -- Senior Research Engineer 
A. C. Bardalayl: — Second Research Engineer 

STAEE 

Mr. A. C. Bai’dalaye joined this department as the Second Research 
Engineer from the 8th April, 1966. J'herc is no other change in the staff 
of this department. 


RESEARCH & EXEERIMEN l' 

^E2) Fermentation ; Continuous Machines : 

't he 5'- Continuous I’ermenting ( um Drying Machine fabricated at 
d'ocklai was in operation at Dukliiigia ‘l ea I'aciory from the beginning 
of July till the 20ih October, 1966. Unlike the piniotyj;e fermenting 
cum drying machine at docklai where the Icrmcnting td dr\ ing chambers 
are in line ahead, this d' - fermenting chamber was mounted on top of the 
drying chamber to effert economy in spacfr and also to experiment with this 
alternative placement of the chamber under commercial w'orking conditions. 
Initial trials with the machine indicated that the units thus placed can 
be suitable, prov ided means are adapted to completely control the tempera- 
ture conditions inside the fermenting chamber and that dimensions of the 
exhaust ducts from the drier unit arc of liberal proportions. With the 
unit at Duklingia, conditions were studied and it was found that approxi- 
mately a 4 ton refrigeration unit would sufTicc to dissipate the residual 
heat of the trays as well as heat of fermentation if the vertical arrangement 
of the chambers is adapted in commercial practice. 

The trials indicated that better teas than those from the normal method 
ol manufacture can be obtained from this machine if the temperature 
within the fermentation chamber is kept below 37 “C (98'F) Dry and Wet 
bulb and teas are dried at a temperature of 89-92 “C (190-195‘^F]. Oxygen 
requirement for fermenting leaf was supplemented by leaking in 2 litres 
ol oxygen per minute to the fermenting chamber at the prevailing tempera- 
ture and pressure conditions tlicrcin. Under these sets of conditions 
C. r. C. teas were found to be adequately fermented within 36-38 minutes 
Drying time was kept at between 18 to 19 mittutes. 

This experiment is proposed to be continued in the next season by 
re-positioning the fermenting chamber inline with the drier and ahead of 
it to provide a longer path of travel of the empty trays through ambient 
air before they are re-charged with fermenting leaf on the feed end of tlie 

combined unit. 

14 
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(E 3) Moisture Content of Green Leaf ; 

Preliminary investigations into the variation of electrical resistance of a 
tea shoot with its moisture content were started with a pair of pin type 
contacts kept at a standard distance of 1 cm and an ohmmeter, (measure- 
ment of line resistance). The data from these measurements indicated 
of contacts that with this type a relationship of the following nature between 
the moisture content of green leaf and its electrical line resistance exists : - 

M= 159.11 - 29,86 log R :t 3.40 
where M = Percentage Moisture 

R— Resistance in ohms X 100 at the 1st stem (internode) The Tocklai 

Statistician’s report on the above data stales that “ tlic relationship 

between moisture content and resistance was exponential. The fit accoun- 
ted for only 45*^^ of the total variation. Hence the estimation of moisture 
content by using the above equation will not be precise. Moisture and 
resistance at the second stem dnternode) did not show any relationship. 

It was seen from the data for the same value of resistances, tlie measure- 
ments of moisture content showed very wide variations from shoot to shoot”. 

The method of measuring the resistances was next altered to measure- 
ment of bulk resistance of the 1st and the 2nd internode of the tea shoots 
between two discs of standard dimensions of approximately 6.5 sq. cm. 
(1 sq. in). I’he relationship under these conditions, as found by the d^ocklai 
Statistician Is as follows : — 

M - 79.93 - 0.0363 R -y 0.0042 
where M — Percentage Moisture 

R Resistance in ohms) x 100 

He also stated that “the fit was highly significant and the relationship 
between moisture content of tea leaf and resistance was linear for this set 
of data. The range of resistance being fiom 49 to 250 (in ohms X 100). 
The fit accounted for only of the total variation. Hence, the estima- 
tion of moisture content by using the above equation will not be precise. ' 

“It was seen from the data that for the same value of resistances, the 
measurements of moisture content showed wide variation from leaf to leaf 
which was also mentioned for the previous set of data”. 

These preliminary studies indicated the complexity of the problem and 
it appears that no single method of determination of moisture will he 
wholly suitable for the entire range of moisture contents met with in the 
course of manufacture of tea shoots. More accurate meters and ovens 
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are necessary to correlatr* ihc actual moisture contents with tl.c data 
obtained from the rapid deterrnijiation of the various electrical or 
physical properties. Steps towards this end are being taken and the 
experiments to e\t>lve a suitable inslanlajiotis or very rapid method of 
determination of moisture content of tea will be continued. 

(£ 4) Direct Firing : 

()ur investigations into this method of heating air for diying 
and withering tea leaf has been ol' necessity preliminary and general 
in nature, being maitily conrincd to studying the effects of various 
pjiv>ieal eharaelerislics ol luel oils used in direct heaters on the resulting 
teas, and also studying the efhets of introducing directly healed air at 
inlet temperature to the h ed end ol' a drier \ ia an undeigiound air-duct 
on the litiiioring pi'Ojn i lies of tile levulling teas. iliese studies were 
iherefore restrieud lo ob'-eiNatlnns on eoinmcrcial t\|>(‘ of diiirt oil fired 
air-heateis now being U'Cil b\ the Indusliv on an inci ea>ingly larger .scale, 
and Include the liastwood Direct Oil I'iied Aii-Heater, Steelsworth's 
Kilomatic Air-Ileaier and \\ illi.nnsfiu Magor s Direc t Oil hired Air- 
Hcatei. Ihom our observations, it apjteaied that whilst all the three 
types of air-heat ( I'S iTK iuioiK'd al;o\e arc' eapable of heating air without 
any trace of taint unde r idi'al conditions, there docs aj)pear to lie some 
iincei lainly as lo the (jualil\ of (he ]>rothicls of c'ombnslion obtained \\luch 
varied from day da% . 1 he a(i\ cn se elh rl'^ ol faulty direct oil lired air- 

healer running was mainly seen in ilie lirpuas ol single fired leas, or those 
teas wliifh \veie dried wiili dircH i luai in ilu' second oi' iinal fire. 1 his 
uncertain i)c‘ha\loiir of the jaodueis of combustion in imparting taints 
to the teas under eei lain non-ideal condllioiis ol lieating and combustion 
ncc'ds lu! tiler study. It appeared that in most cases iauliv c^pcralion 
of the l)urncr was found to be associated with either ton low a temperature 
of the fuel w hic h affects ilic How conditions or too high a temperature in 
the How lines affecting the chemical composition of the conslilueius. Al- 
teration of the position of the prelieaters to achieve a positi\e thenno-sy- 
J'honic acticjii or changing the jtreheatci' unit iisell to aehie%e a positive 
pii-heat ol approximately GO - 71 Cl IfO^lGU i )in the i'ue! cnl prior 
to its (.•nil) into the burner appeared to eliminate most cH' the uncei laintics 
n lating to the ('juality of the products of combustion. I'urlher work on 
llie eonclalioii of tlie ])hysital characteristics ol the furnace, air-llow etc., 
'vifl however have to a\vait acqui.^ition bv 4'oeklai ol various measuring 
•ind recording devices for furnace temperatures, gas eoneen nation and 
oihcT flow parameters. 

lit order to study if there is any correlation of these delects with the 
composition of fuel oil and its ph) sieo-chcmical charaetciistics, samples 

Jea Drier Oils from four dill’c rent estates have been drawn ai\d scut to 
various luel IcMing lalioralnjies in dilfenait parts of India. 'I hc reports 

these samples arc still awaitetl. 
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Experiments were also conductcti with the 6^ Commercial Prototype 
of the Tocklai Continuous "I’ray Drier at Hunwal P. E., to the feed area 
of which an underground hot-air duct ^vas connected early this year. 
Calcutta brokers evaluation on C, T. C. teas dried with and vvl.hout intro- 
duction of directly fired warm air into the feed-box arc as follows : — 

MUSTER SAMPLES 

Leaf (a) Normal ; Control- (Indirectly fired teas) Blackish brown, 
quite well cut with some bloom. 

(b) With Hot-Feed : Similar, slightly browner. 

(c) Without Hot-Feed t Most preferable having the best 
bloom. 

Liquors : The “without hot-feed"’ sample is the brightest followed 

by ‘Normal’ and then Hot-feed”, 

The experiments and the observations on these two aspects of direct 
firing will be continued. 

(E 5) Continuous Green Leaf Processing Machines : 

(i) Prototype Rotary Continuous Roller ; 

Disc Type : This 76 cm (30") machine was in operation at Tocklai 
continuously throughout most of the season wdth minor modifications 
being evolved and it was subsequent 1\ transferred to a commercial factory 
(Mokrung T. E.) for a period of about 3 weeks tow-ards the end of the 
manufacturing season for commercial trials. 

Results of trials at Tocklai, indicated that this macliine is capable 
of imparting a belter twist to tlic processed leaf and it also helps preser- 
vation of tip to a large extent. Two passes ill rough the machine appears 
to be necessary to iibtain first fines of acceptable standard. Further work 
on this aspect of its processing action are licing continued. 

Towards the end of the season, the prototype Disc Roller was set up 
at Mokrung T. E., but because of the end of the season character of the 
plucked shoots, wdiich made extraction of lines pointless, the experiment 
at Mokrung was conducted with 100^^^ U. T. C'. manufacture using the 
Disc Roller in the following manner : — 

Treatment (l) Two passes through the Disc Roller followed by 
3 cuts C. T. C. 

Treatment (2) One pass through the Disc Roller followed by 3 cuts 
C. T. C. 

Treatment (3) Fifteen minutes conventional roll followed by one 
pass through the Disc Roller and then 3 cuts C, 1\ U. 
( l) Normal half hour conscntional roll followed by 3 cuts 
C. T. C. 


Treatment 
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Samples from 17 repeats of these treatments were tasted at Tocklai. 
The Taster’s preferences were as follows : — 

Treatment (1) Two passes through Disc Roller followed by Scuts 
C. T\ C. - Preferred 7 times. 

Treatment (2) One pass through Disc Roller follow'ed by 3 cuts 
C. T. C. - Preferred 4 times. 

ireatment (3) Fifteen minutes roll-one pass through Disc Roller 
followed by 3 cuts C. T. C. - Preferred 2 times. 

Treatment (4) Half hour roll followed by 3 cuts C. T. C. - Preferred 
4 times. 

This machine appears to show promise as a conditioning roller for 
100% C. T. C. manufacture or for dual manufacture of orthodox and 
C. T. C. teas. Experiments with this machine one being continued. 

ii) Prototype Continuous Roller : 

Vertical Type : The prototype 30 cm ;12''j diameter V’erlical 
Roller was tried out during the year, with miitor modifications. The 
make of the leaf processed ilirough this machine had been commented 
on by the Tocklai Tasters as being open and flake) . Results to date in- 
dicate that approximately 31^, fines can be extracted from the processed 
leaf through a No. 6 seive after a single pass through this machine running 
at the following speed s : 


W orm (34 r. p. m. 

Rotor 34 r. p. in. 

The processing time at those speeds was 4 minutes. 

In view of its natural tendency to j^roducc more lines, modiheations 
were taken in hand to develop this machine in the following two ways : — 

(l) Developing of the 30 cm 12*) diameter machine 
to induce more cutting action on leaf, 
and (2) fabrication of a 38 cm i^l5'’ ■ diameter machine with 
more generous clearances and spacing of the vanes 
and the resistors to induce greater leaf to leaf action. 
Work on this project has been progressing satisiactorily. 


(iii) Gontmuous Greeu Leaf Processing Machine : 

Rotorvane ; 

(a) The 15.2 cm (6*) — diameter Prototype Experimental Rotor- 
vane : 
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This machine which was installed at Icesta Valley T. E. was shitud 
to Ging T. E. in Darjeeling. Preliminary investigations at Glng, with this 
machine fitted with a cone at the end of the rotor indicated that while 
the attachment induced belter rolling action and improved the liquor 
characters without detrimental efTect on the liavour aspect oi these Dar- 
jeeling teas, dry leaf appearance of the teas was considered to be unsuitable 
for the existing market. The experiment was discontinued after a month, 

(b) Gone Attachment to 38 cm (,15'') diameter Commercial 
Rotorvane : The cone attachment litted to the end of the rotor, 
in substituiion of three sets of vanes and resistors at the discliargc end of 
the machine, was tried out under ditferenL manufaeturing conditions 
throughout the season. Flie cones were fabricated at 'lorklai and were 
tried out at Kakajan I'.E. on orthodox rotorvane manufacture and China- 
mar^ T. E. on Rotorvane C. E. C. manufacture with tlio following results 
as reported by Tasteis 

^'Kakajan Leaf Both samples are lilaekish brownish in appearance. 

The cone sam|j]e tends to be slightly 
reddish brownish in appearance. The Iris End 
Plate sample is rallicr smaller in si/e but fair make, 
while cone sample is rallicr open. I'hc iris haul 
Plate samjiie has lieltcr bloom. 

Infused leaf : Fairly In iglu, 

Licpiors : With milk and also without milk the cone samjite 

is brighter in colour. I he cone sample is briski r 
with some tlavonr and is pteferred. Ehe Irish End 
Plate has a little more strength with a eoaise under- 
current. 

The results from Cinnamara w'cre more coiu:Iusi\'c, in that the I’ocklai 
Tasters preferred the teas from Rotorvane Cone CJ. (d. rnannfarturc 
nine times out of the ten comparative manufactiires carried out in that 
factory, iheir general ojiinion on these teas being that *hhc normal 
rotor\^ane CJ. d'. C. samples iiavc a rather greenish taste compared to the 
Rotoiwane ConcjC. 1’. C. samples which are more matiue”. 

The average nominal valuation of tlic teas according to locklai 1 a-sters 
were as follows : — 


Xoim'al Rotorvane/ C, 'V. Cl. 
Rotorvane Cone/C. 'Id C. 


Rs. r).i2 
Rs. j.2B 
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Ihcsc cones were then sent to Dooars and Cachar for experiment in 
conjunction with C. C. manuraeturc. T he samples of teas from the 
experiment conducted in Dewan E. in Clachar were sent to us very late 
in the season and they could not he tasted because of very high moisture 
content ot the samples. Results Irom the Dooars experiment, have been 
verv encouraging. 'I'hc result of this experiment as reported by the Manager 
of the Central Dooars E. is as follows : — 

“Results favour teas manufactured by the ‘Cone’ Rotorvane as com- 
pared to the normal rotorvane. 


Checks carried out so far as regards grade percentage shows that little 
cliirercncc results in teas manufactured b\ thc‘Coi:c’ and hion-cone’ manu- 
facture". 

Ihe Calcutta and London Brokers preferences for the comparative 
manul'aeturing tests carried out in lliat estate on die following days are 
sliown below : — 


6 . 10 . 6(3 
I k 10. 66 
8 . 1 1 . 66 
20. II. 66 


‘Cone* prcferied In C Calcutta 

‘( nne' preferred by Culcutla and London. 

'Cione’ preferred by Cialcutla. 

‘Cone’ preferred by Calcutta, London and Tocklai. 


'fhe al:>o\'c results indicate the general overall improvement of teas 
obtainable from use of this attachment at the end of the rotor. Further 
improvement of the processing action of this attachment have been achieved 
by intrndu'-tion of an adjustable conical sleeve into the barrel of the Rotor- 
vane at the discharge end. l eas from this combined attachment have 
also vhown similar results. 

C hem leal analysis of the teas indicated the following differences in the 
C. r. Cl. teas fioin ‘Cone’ and bion-cone' manufacture : — 




IF 

FR 

Rotorvane ' C. V. 

, Cl. with cone 

2.27 

18.85 

Rotorvane Cl. T. 

Cl. with Iris 



End Plate 


2.21 

18.21 


(c) Experimental 3B cm (15'*) diameter Alnminium Rotorvane : 

Experiments were also initiated this year to study the effects, if any, on 
teas processed through a rotorvane made of aluminium alloy sent to Tocklai 
Ity Port Engineering Works for the purpose. This experimental 38 cm 
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(13'") diameter machine lias been set up at Kamalpur T, E. on Rotorvaiic 
jC. r. C'. manufacture. I'hc machine operated for 7 70 hours, processed 
1,36,312 kg of made tea when one of the vanes gave way. Brokers 
reports from Calcutta on the teas made with this machine are as follows 

^^Leaf Good, grainy and even 

Infused leaf Fair to bright 

Liquors Possess useful colour and strength with 

some briskness. 


The Tocklai Tasters comments on these leas were that “these teas are 
free from any taint and in general the aluminium Rotorvanc C, T. C, 
teas have better strength and quality, ihe I’oeklai Biochemist reported 
that biochemically there was no signiheant diiference between the samples 
from aluminium Rotorvanc; C. T. C. manufacture and those from gun- 
metal Rotorvane C'. V. Ch manufactuic. 


The aluminium alloy used for this machine was found to be hard enough 
as there was no noticeable wear in the processing parts. Defective casting 
of one of the vanes, which tore off at the root, was the primary reason for 
the breakdown of this experimental aluminium rotorvane. The experi- 
ment is proposed to be continued next year with a new set of vane- segments 
and resistors made of a stronger and tougher aluminium alloy. 


(d) Experimental 20 cm (8"') ciiameter Short Rotorvane : A 

prototype 20 cm (8") Rotorvane was fabricated at Tocklai having only 
3 sets of resistors and vane-segments and fitted with a conical sleeve and 
rotor-cone attachment at its discharge end. Preliminary investigations 
showed that even with the reduced number of vanes and resistors, leaf can 
be processed to very small size by this machine. Further trials arc proposed 
for next year. 


(iv) Tocklai Continuous Roller : The Mark II machine developed 
in a 38 cm (15 ) wide prototype form at Tocklai was sent to our Licensees, 
the Britannia Engineering Go’s Works at Titaghur to serve as a model 
to be copied by them while making a commercial machine for proving 
trials under actual operating conditions in tea factory. The manufacturers 
would only start making the machine on a larger scale after successful 
completion of proving trials with the commercial prototype to be fabricated 
by thenv 
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(F, fS) Driers : 

Continuous Tray Machines : 

I'lie 6' Commercial Prototy[>e COntiauous IVay Drier at Hunwal T, E. 
was thoroughly ehccked and it was ibund that there were no signs of any 
excessive wear and tear of its components. An independent under-ground 
hot-air duct from the air-heater to the feed end of the drier was fitted to 
this machine as directed by the Engineering and 'rcchnical vSub-Clommittee, 

Experiment with this machine with the hot air-duct to the feed end 
revealed that with this air duct open, the volume of air passing through 
the air-heater was increased by 20-';, with 20^';, increase in the rate of 
fuel consumption, while teas from this method was found to be inferior 
to those made with the standard Tocklai Continuous Drier. 

'1 he first three commeitial machines at Dighuliarrang and Beesakopie 
tactories were inspcctctl by the Senior Research Engineer from time to time 
to effect further improvement in the design of the commercial machines 
now^ being manufactured by Britannia Engineering Co. Tests carried 
out with the commercial Continuous Fray Drier at Beesakopie show’cd 
the following results ; — 


Fuel consumption, evaporation and output test for Continuous 
Tray Tea Drier and Eastwood Direct Oil Fired Air Heater at Beesa- 
kopie T. E. Machine No, 1004 & 1005. 


Date of Test 

Ambient Air Temperature 

Time Heater was lighted 

Time Temperature reached 200‘^1' 

Time fermented leaf first put in 
Damper opening 
Time through Drier 
Exhaust tempera In re 
Inlet temperature 
Moisture content of made tea 
eight fermented leaf put in 
eight of dried leaf (tea) 

Amount of D. oil consumed 
Rate of consumption per kg of made tea 
Output ; made tea hour per drier 
Evaporation kg of moisture hour per drier 


22. 7. 66 
80-8DF 
4. 15 A. M. 
4. 30 A. M, 
4. 35 A. M. 

:i 

4 

14 lilts . 

115" - 125H‘ 
200' F 

3681 kg 
1262 kg 
302 litres 
0.24 litres 
172 kg 
329 kg 


Teas dried in these driers w'crc invariably found to be brighier and 
brisker tlian those from the existing driers in those factories. 


15 
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General : 

Mr. I. Mcfcarj Adviser to Indian fea Associatioiij London paid 
short visit to this Department in Septembar. Most of his time in this visit 
was spent in joint inspection of various Tocklai Machines under develop- 
ment and the commercial versions of Tocklai Coiiliiiuous Tray Tea Driers 
manufactured by Britannia Engineering Co., and installed at DighulLtirrang 
and Beesakopie factories with a \aew to improving the design and the per- 
formance of the commercial versions of these driers still further. 

ADVISORY 

Touring — Tlie Senior Research Engineer visited the following estates 
in connection with manufacturing experiments ; — 

Duklingia, Hunwal, Kakojan, Ging, Goomtee, Teok, Dighultarranr^, 
Beesakopie, Kamalpur, Borsillah, Namdang, Xumalighur, Cinnamara, 
Hautley, lyroon, Halem, Monabarie, Gingia, Xya Gogia, Tczpur and 
Gogra, Dekiajuli, Borahi and Kenduguri, Ethelwood, Haroocharai, Gatoon- 
ga and Mokrung Tea factories. 

He attended one Engineering Sub-Committee meeting at Calcutta 
and paid routine visits to Britannia Engineering Co., and Port Engineering 
Works in connection with commercial manufacture of Tocklai machines. 
He also attended three meetings of the Academic Council and Planning 
and Construction Board of the Dibrugarh University. 

Correspondence — 522 letters and memoranda of routine and techni- 
cal nature were issued during the year. 



STATISTICS department 

Ajit K. Biswas— Statistician 

STAFF 

Mr. Ajit K. Biswas was appointed as Statistician from 1st July, 196G. 
Mr. J. IF Goswami, Junior Scientific Assistant, resigned on 8th September, 
1966. 

The Statistician attended courses on the electronic computer at F I. 1',, 
Kanpur, from 27. 7. 66 to 9. 8. 66 and at F S. F, Calcutta, from 15.11.66 
to 9. 2. 67. Mr. A. R. Sarkar, Staiisiical Assistant, was in charge of the 
Department during these periods. 

Mr. Asim Kanti Biswas, Staiisiical .\ssistant, attended the course on 
the electronic computer at F S. F, C'alcutta, from 15. IF 66 to 9. 2. 67. 

RFSEARCdl AND EXPERIMEN'F 

2) Crop-Weather Studies : 

Surmnan 

inresligatiofis inlo the effect oj rain] all jaciors on the crop han cstrd dun July 
to Sefiltmber {fnain crop) in a reffon of Upper Assart}^ 'there average annua! rainfall 
exceeded ‘dSOO n\m { 90in(heU' , .showed that the effect of January to March rainfall 
on the main crop was more beneficial at the lower level than at the higher leM of this 
rainfall, and April io June rainfall showed an adverse effect. 

The crop up to June {early ere//- showed a sign f cant positive association with 
the main crop and the study suggested that the rainfall during January to March was 
highly beneficial io the early crop which, in turn, benefitted the main crop. An addi- 
tional beneficial effect of January to March rainfall on the main crop was also de- 
lected. 


Investigations inlo the effect of rainfall on the season's crop obtainctl 
during July to September (main crop) was continued from the data for 
7 years (1957-63) provided by the 57 tea estates in that region of Upper 
A.s.sam where average annual rainfall exceeded 2300 mm (^90 inches;, 
lliis region extended over the whole of Lakhimpur district and the adjacent 
portion of t lie Sib.sagar district. 
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Preliminary examination of ilie data suggested a linear relationship 
between the main crop ) and the season’s crop up to June (early crop ). 
Hence, the investigation was divided into two parts, namely, (a) the effect 
of rainfall factors on the main crop and (b) the effect of rainfall factors 
on the main crop in the presence of the early crop (Yp ). 

(a) £6fect of rainfall factors on the main crop — Poliuwing tin: 
study of the long-term data of Tocklai (Ann. Rep., 1964, page 104), a 
multiple rcgi'ession of the main crop, which was about 55% of the total 
annual crop, on five rainfall variables were obtained from the ‘within estate’ 
and ‘between year’ sources of variation and covariation in crop and rainfall. 
These five variables were the linear and quadratic components of January 
to March and April to June rainfalls ( and R.^ respectively) and the 
linear component of July to September rainfall .Rj). In order to find the 
most potent variables associated with the main crop, the independent 
variables were gradually reduced from tlie regression function on the basis 
of their relative contribution to the total regression, It was found from 
‘within estate’ source of variation that the linear component of January to 
March and April to June rainfalls were the slgnilicant factors associated 
with the main crop. January to March rainfall was beneficial to the main 
crop but April to June rainfall showed an adverse effect on it. The relative 
contribution to the total regression due to January to March rainfall was, 
however, the liighesl. I'he goodness of fit was further improved when, 
instead of the simple linear component, the logarithm of January to March 
rainfall was introduced in the regression function whicli suggested that 
the effect of January to March rainfall on the main crop was more beneficial 
at the lower level than at the higher level of this rainfall. 

(b) Effect of rainfall factors on the main crop in the presence of 
the early crop — A multiple regression of main crop on the rainfall factors 
log Rj, R., and Rg and the early crop (Y,. j was fitted from ’within estate’ 
and ‘between year’ sources of variation to find the relative contribution 
of the rainfall factors to the main crop in the presence of the early crop. 
Regression from the two sources accounted for 51^,, and 99 -’o of the total 
variation respectively, llic partial regression coefiicient.s of Yin on log Rj, 
Rj and Y^ were all significant. 'Ihe relative contril>ution to 
the total regression due to early crop was, however, the highest. 

It was found from the ‘within estate’ source of variation tliat the effect 
of rainfall during January to March on the main crop was reduced m 
about half when estimated in the presence of the early^ erny). This sugges- 
ted that the rainfall during Januaiy to March was highly beneficial to 
the early crop which in turn bciicfitted the main ciop, but tlicrc wa.s also 
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a direct beneficial clFcct of the January to March rainfall on the main crop. 
'I he partial regression coefficient of main crop on April to June rainfall 
was also reduced but remained to be negative and significant. 

The regression analyses from the ‘between year’ source of variation 
laigel supported she above findings except that the regression coefficients 
in some cases failed to reach significance owing to too few degrees of freedom 
available for the estimate of errors. 

(X 3 ) Survey of Shade Trees ; 


Summary 

Some of the results obtained from the Sample Suney of shade trees {1965-66) 
carried out in twenty Member estates from J\'owgong, forhaty Xazira, Xaharkalia^ 
Dibrugarh and Panitola circles of Upper Assam during the rainy season and dry 
season are summarised below. 

The proportion of various species used as shade varied amongst the six circles. 

Over the six circles, Albizzict chinensis and Dalhergia assamica showed a definite 
decreasing trend in their use during the recent years while the proportion of 
A, odoraiissima and A. procera did not follow any definite trend. The proportion 
of A. lebbekj Derris robustOj A. falcala and Oliricidia septum taken together 
showed an increasing (rend in their use {A,falcata trees were generally up to 20 
years and Gliricidia sepimn were all below 7 years of age 

Over-all estimate from the Rainy Seastm Survey data (f the six circles showed 
that 92^.^, oj the obsetved shade trees of all species icere affected by some pests or diseases 
while the corresponding estimate for the dry season was only 50^,^. The reduction 
was not observed in yowgong circle where the percenfages of affected shade trees were 
as high as 98' I, ^ in both the scasifiis but appreciable reductions were dctceted in all 
the remaining five circles during the dry season. 

Over the SIX circles, A. odoratissnna shade trees were badly affected by Cater- 
pilfars, A, procera by Orange mite and A. chinensis by Canker during the rainy 
season. R radically no Caterpillars were found to attack the shade trees during the 
dry season. 

Some of the results obtained from llic Sample Survery of shade ticcs 
(1965-G6) carried out in twentyMcmbcr estates from Nowgong (2)jJorliat 
(4), Nazira (3), Dibrugarh (4), Xaharkatia (3) and Panitola (4^ circles 

Upper Assam during rainy season (1st Round- 19. 7. 63 to 27. 9. 65} 
and thy season (2nd Round— 21. 1. 66 to 2. 4. 66) aic prcseniVd below: 
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(a) Use of different species of shade trees 

The analysis of the second round survey data showed that the estimates 
of the proportion of different species of shade trees used by the estates were 
more or less the same as those of ilie first round survey. I he combined 
estimates from both the rounds sho^ved that over the six circles, 37 t>er cent 
of the shade trees were Albizzi^i odoraUssima^ 34 per cent Albizzia procera, 
13 per cent Albizzifi chinemis, per cent Dalbergia msamica^ and Albizzia 
lebbek, Denis robusta^ Albizzin falcala etc. constituted the rest 8 per 
cent of the total, d'he proportion of various species used as shade 
varied amongst the six circles. Xowgong used mostly A. odoratissima 
(71 per cent) and the Dibrugarh circle used A. procera (58 per cent . 
Jorhat, Nazira and Naharkatia circles were found to use .1. odoratissima 
and A. procera in general. In the Panitola circle the proportion of 
A. odoratissima, A. procera and A. chinensis were 31^^05 32% and 
18% respectively. 

The possible change with lime in the use of species of trees as perma- 
nent shade was also studied from the second round survc\', Prom the 
over-all position of six circles, the estimate of the proportion of shade spe- 
cies at different ages revealed that J. chinensis and D. assamica showed 
a decreasing trend while .4. odoratissima and .1. procera did not follow any 
definite trend in their use during the recent yeais. Further, the propor- 
tion of A. lebbek, D. robusta. d. falcata and Gliriddia sepium taken together 
showed an increasing trend In liiclr use .1. Jakata trees were generally 
up to 20 years and G. sepiurn were all below 7 \ ears of age). I hc.se results 
were similar to those obtained from the first round survc\ (Ann. Rep., 
1 965, page 113'. 

(b) . Pests and Diseases of Shade Trees 

(i) Seasonal variation of infestation of shade trees — Estimates 
of the percentage of shade trees of different species affected by pests and 
diseases were obtained for all the six circles separately and also over-all 
position both for Rainy Season and lOry Season Surveys. Over-all estimate 
obtained from the Rainy Season Sur\-cy which corresponded to the peak 
period of infestation showed that almost all the observed shade trees of all 
species in the six circles were infested by some pests or diseases (92 per 
cent.) The corresponding estimate for the dry season was only 50 per cent. 

In Xowgong circle the percentages of affected shade trees were as high 
as 98 per cent in both the seasons but in the other five circles the percen- 
tages during dry season were less compared to those of the rainy .season. 
TTie maximum reduction was in the Naharkatia circle (100 per cent to 
23 per cent) followed by Panitola (84 to 17 pci' cent;, Dibrugarh (77 to 
30 per cent), Joj'hat (99 to 63 per rcni y .ind Xa/ira (93 to 63 per cent) cir- 
cles respectively. 
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(ii) Prevalence of pests and diseases of shade trees — Rahiy 

Season Survey data showed that over the six cirdes ol per cent of the A. 
odoralissimt? shade trees were afTerted by Caterpillars. Amongst other 
pests or diseases, Canker (58%), Red rust f oG'h, Borers (55 and Termite 
(3C;o) were llie most prevalent. 

Shade trees of A, procera were highly susceptible to Orange mite (83%). 
Canker (66%), Caterpillars (55%), Borers (52%), Red rust (32%) and 
Termite (28%) were also found to attack the species considerably. 

The shade trees of A. chinensis observed over the six circles were highly 
affected by Canker (80%). Borers, Caterpillars, Red rust and Termite 
also attacked the species, the corresponding percentages of attack being 
57, 54, 34 and 28 respectively. 

1 he percentages of shade trees of all species and over the sL\ circles 
attacked In different pests or diseases were : 61 per cent each by Canker 

and Catei pillars, 51 per cent by Borers, 41 per cent by Red rust, 40 per 
cent by Orange mite, 33 per cent by Termite and 24 per cent by Membra- 
cids. 

It has been mentioned above that the infestation due to all pests and 
diseases were much less during the dry season compared to that of the rainy 
season, but it was noticed that certain species of shade trees were more 
susceptible to certain pests or diseases in both the seasons, e. g.. Canker 
and Orange mile on .1, procera and Canker on A. chinenis. 

One important observation made was that Caterpillai's were practically 
absent di i ing the dry season. The relative position of pests and diseases 
attacking the shade trees of all species and o\er the six circles during the 
dry season were : Canker (33 per cent), Borers (^18 per cent), Termite (12 
per cent\ Orange mite (11 per cent), Red rust (8 per centh 

(X4C) Intermittent Plucking ; 


Summaiy 

In an attempt to minimise the labour and cost of experimentation on lea^ the re* 
lative efficiency of file sampling schemes uere studied using data from eight experi~ 
ments in the Assam iaUey\ Dooars and Darjeeling. The object was to find oui 
the sampling rate and the method to estimate (he total yield due to a treatment^ with a 
feosonable degree of acanac}\ by recording yield for a minimum number of plucking 
rounds from the total. The studies showed that the sampling rate and the sarr^ling 
method required in each region depended on the number if ye ars of esperi mentation* 
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To study the efTicieucy of intermittent plucking, weekly yield data 
over six; years from seven experiments —three from the Assam valley, two 
each from Dooai*s and Darjeeling and one experiment having live years 
data from Darjeeling were analysed. In estimating the yield due to a 
treatment, the relative cfhcicncy of five sampling schemes namely (a) simple 
random, (b) stratified sampling when [)hjcking occasions in the sample 
were allocated in proportion to the product of the size and standard deviat- 
ion of the stratum, (c) stratified sampling when plucking occasions 
in the sample were allocated in proportion to tlie size only, (d) stratified 
sampling with one sample per stratum and (e) systematic sampling, were 
studied using sampling rates of 1 in 2, 1 in 3, 1 in 4, 1 in 5 and 1 in 6 
pluckings. The population under study was the total number of plucking 
occasions during the above mentioned periods of the individual experiments. 
Some of the broad results are given below : 

(1) In all the three experiments of the Assam valley when continued 
for one year, the systematic sampling and stratified sampling with one 
unit per stratum using a sampling rate of 1 in 2 and, when continued for 
2 and 3 years, systematic sampling of 1 in 3 was found to provide an estimate 
of the yield due to a treatment for a margin of error of less than 10% of the 
population mean with a chance of 1 in 20. Further, when the experiments 
continued for 4, 5 and 6 years, stratified sampling with one unit per 
stratum using a sampling rate of 1 in 4 provided an estimate of the yield 
with the same degree of accuracy. 

(2) In both the experiments in the Dooars, when continued for 1 and 

2 years, the systematic sampling of 1 in 3 was found to provide an estimate 
of the yield due to a treatment for a margin of error of less than 10% of the 
population mean with a chance of 1 in 20. When the experiments conti- 
nued for 3 and 4 years, stratified sampling with one unit per stratum using 
sampling rates of 1 in 5 and 1 in 6 respectively provided the same accuracy 
as above, but when continued for 5 and 6 years, sampling rate of 1 in 6 was 
required for the two sampling schemes (b) and (d), 

(3) In all the three experiments of Darjeeling when continued for 

3 years, systematic and stratified sampling with one unit per stratum using 
a sampling rate of 1 in 2 provided estimate of the yield for a margin of 
error of about 10% of the population mean with a chance of 1 in 20. When 
the experiments continued for 4 and 5 years, sampling schemes (b), (d) and 
(c) using a sampling rale of 1 in 2 provided estimates of the yield for a 
margin of error of about 10% of the population mean with a chance of 
1 in 20, but when continued for 6 years, in both the experiments, stratified 
sampling with one unit per stratum using a sampling rate of I in 3 was 
fowd to provide the estimate of the yield with the same degree of accuracy. 
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Investigations on a large number of experiments will have to be made 
before any firm conclusion can be drawn. 

/X 7) Long-term Survey Experiments on Defoliation : 

Sufimary 

The analysis of ihe data for the whole season »f [[jtdj from (he defoliation experi- 
ments conducted in the Dooars, showed that " Defoli at inji* and 'Chemical Prophylactic^* 
with and without pallialn e measure ivtre equally effectwe in icducuiii the Red spider 
infestation in comparison with the plots which rtcelvt’d nn control measure or only 
'Palliative* measure. The infestation in the 'ControP pht.\ however, higher 

than the phis under 'Palliative* treatment only. 

yield under Tlkemical Prophylactic* treatment of annually pruned lea u as signi- 
ficantly hiqher than its untreated 'ConhoP, 

The analysis of data rerei\ ccl during 1966 from the defoliation experi- 
ments conducted in the Dooars hir ilic wliole season of 1966 showed tliat 
the percentages of bushes alfecied by Red spider in the plots under ‘J^efo- 
liation' and T'hcmical Prophylactic * \%lth and witltout palliative measure 
were significantly less tlntn in the plots where no control measure i control) 
or only ‘Palliative’ measure were taken, Xo signiiirant dilfcrcnce was 
found amongst the' plots under ‘Dtdbliation' and “Ohemical Prophylactic’ 
treatments witli or witliont ])allialive measure. I’lirllier, the percentage 
of afifected bushes in the 'Control ’ ])!ots lO.l'h-P was significantly higher 
than in the plots iecei\'ing ‘Palliative’ Itfr)”,, treatment only. Similar 
results wci'o obtained b»uh in annually pruned tea and lea in a triennial 
Prune - ITune- Skiff eyeU* skiffed during 1969 6.) season , the average 
infestations being and 6. ()*’.. respectively. 

\ield of annually pruned plots under ‘f hemieal Prophylactic’ treat- 
ment was significantly higher than iis untreated 'Contior. No other 
yield difference between sub- plot irc'atments was found to be significant 
hnih in annuall)’ ])rnncd and deep .skilled tea. I here was also no signili- 
caiii difTcrenec in yield between the main-|)Iol trc.\lments 1. c., between 
‘Pruned ’ and ‘Deep Skiffed* tea. 

iX If; During the year considerably im reasing help was given to other 
Drpartmenis in the design of experiments and anaK>es of results. It was 
necessary to introduce some complex stati'>iieal designs to meet the special 
requirements of some of the expci iincms. The sul>sequcnt analyses of the 
results have so far jnslified these drsigns. Particular success lias been 
achieved in reducing the experimental errors associated with miniature 
inanulaeturc and the taste testing of* sainjiles. 

16 
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List of experiments designed aiid;or asnlyscd arc given below : 

A. I'he following experimeiUs were designed by the depart meat 
during the year 1966 ; 

(i) Miaiature Manufacture and Taste Testing 

1. Seven experiments of Agriculture Department 

2. Three experiments of Advisory Department 

(ii) Others 

1. Expt. No. C 5 : The chemistry of tea (Biochemistry 

and its valuation : Department) 

2. Soil Rehabilitation Experiment : (Agriculture & 

Soils Departments) 

In addition to these, simple design for some of the departments were 
also done during the year. 

B. The following complex and long-term experiments were analysed by 
the department during the year : 

1. Miniature Manufacture and laste testing 
Experiments — -Ten experiments 

2. Expt, No. B 105 : Long-term NPK. manuring 

of young tea (Clone) : (Agriculture 
Department) 

3. Expt, No. B 112 : Long-term NPK manuring 

of young tea Jat) : (,, 

4. Plxpt. No. B 110 : Long-term PK manuring 

(with constant dose ofN) 
of young tea (Jal) : („ 

5. Expt. No. AS 39 : Long-term NPK Mg ma- (Advisory Depart* 

nuring of mature tea (Jat) : ment) 

6. Experiment on Development of Moisture (Engineering 

Meter : Dev. Dept.) 

7. Relationship between meteorological obser- 
vations as recorded by the Vhsual and Ther- 
inu-hygogiaph instruments : 


(Soils Dept.) 
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111 addition to these, simple analyses of experiments for some of the 
Departments were also done during the year. 


ADVISORY 

Touring — One member of the depart nient visited G tea estates in the 
Assam valley in connection with the survey of shade trees, and three members 
visited Bokahola T. li. wcekh in connection with the uniformity trial. 



ASSAM ADVISORY DEPARTMENT ASSAM VALLEY ; 
SOUTH BANK 


S. K. UuTTA — - Chief Advisory OlRcer 
S. Basi- — - Advisory Ci)incer 

S, K. Sarkar — > Advisory Oilicer 


TOURING 


The following estate visits were 
Assam \^alley : South Bank. 


Jot hat Siib~area 63 visits 

Cola ghat Sub-area ... 37 ,. 

Panitola Sub-area ... 9 

D }bntgarh Sii b -area ... 16 . , 

Morau Sub-area ... 14 ,, 

J\azira Sub-area ... 16 .. 


made 1>\ tlie .\clvisory Oflicers in the 

Doom Dooma Sub-area ... 34 vi.db 
Digboi-Borhapjan Sitb-aiea 
Tingri Snh-afea ... lO 

\owgono Sub-arta 15 

Sonari Sub-area ... 14 ,, 

b\ahorkatia Sub-area ... 8 


During the year practically all estates visited asked for advice on the 
newly introduced extended pruning cycles. Drainage w’as again a popular 
subject and it is pleasant toreeord a vast overall appreciation of the necessity 
for drainage. Advice on use of herbicides was given frequently. Other 
subjects on which advices were given regularly were 

(a) Vegetative Propagation. 

(b) Spraying technique with power sprayers. 

(c; Rehabilitation of uprooted areas. 

(d) Establishment of shade. 

The Chief Advisory Officer paid a visit to Uttarkhand and Dehra Dun 
between 10th - 22nd October, 1966 at the request of the Tea Board. 

COURSES 

Three Lecture Courses on Field Management and two on Vegetative 
Propagation were organised by the Chief Advisory Officer from 2nd May 
to 20th May and 6th to 16th June, respectively. There were also four 
courses on Agricultural Chemicals organised by the Cliief Advisory Officer 
and of these, two were held from 18th to 27th April 66 and the other two 
from 26th September to 5th October, 1966. 
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MEETINGS 

I'he (lliief Advisory Officer accompanied by the Director attended 
the following inaugural meetings of the Area Scientific Committee. 

* South Bank West -- 25th October 1906 

* South Bank East -- 31st October 1966 

* South Bank Central — 4th November 1966 

North Bank West — 17lh November 1966 

North Bank East — 18th November 1966 

* Also attended by Mr. S. Basu, Advisory Officer. 

EiiiLD Experiments 

Field experiments carried out by the Advisoiy Dejxutmcnt continued 
and arc listed in Appendix A. A brief summary of the more impoilant 
results is given in Appendix B. 
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APPENDIX A 
List of Experiments 

South Bank, Assam 


Project 

Site (T.E) 

Index 1 

i 

Year ot 
starling 

Rehabilitation of Land 

Sangsua 

AS 45 1 

1963 


1 Duklingia 1 

AS 48 1 

1964 


' Ghillidary j 

AS 49 

1964 


Hansara | 

AS 50 

1964 

N. P, K. Manuring 

Murmuria 1 

AS 1 1 

1956 


Khoomtaie 

AS 29 

1959 


Ligri Pookrie 

AS 39 

1961 


Dckhari 

AS 41 

1962 


Panitola 

AS (3 j 

1954 


Hunwal 

AS 51 

1964 


I3irok 

AS 63 

1965 


Katonibari 

AS 44 1 

1963 

N. P. K. Manuring Seed Bari 

Cinnamara 

AS 23 

1959 

Nitrogenous Fertiliser 

Sycotla 

AS 5C 

1954 


Sagmoolea 

1 AS 62 

1965 


Joonkiollee 

j AS 64 

1 1966 


Nahorhahi 

i AS 65 

1 1966 


Eurkating 

AS 69 

! 1966 


Halmirah 

AS 71 

1966 


Cinnamara 

AS 77 

' 1966 


Melcng 

AS 78 

1966 


Borsillah 

AS 79 

1966 

Pruning 

Cinnamara 

AS 12 

1 “ 1957 “ 


Duklingia 

AS 13 

i 1958 

Irrigation 

j Amiuckie 

AS 52 

r"V9^' 


Jiajuri 

AS 53 

" 1964 


(Mature I’ca) 

AS 54 

1964 


1 Ji^uri 

AS 54 

1964 


Towkok 

AS 66 

1966 


Borahi 

AS 67 

1966 


Gorunga 

AS 68 

1966 


1 Gabroo Puibut 

AS 70 

1966 


Dejoo Valley 

AS 72 

1966 


Dejoo Valley 

AS 73 

1966 
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North Baok, Assam 


Project 

Site (T.E.) 

Index 

Year of 
starting 

Nitrogenous Fertilisers 

Halem 

AN 3 

1933 


Nahoraiii 

AN 59 

1964 


Gingia 

AN 80 

1966 


Shakomato 

ANSI 

1966 


Bahi Pookrie 


1966 

Cultivation and Weed 

Halem 

AN 15 

1958 

Control 

Halem 

AN 31 

1960 

Irrigation 

' Balipara 1 

AN 55 

1963 


1 Sessa 

AN 61 

1965 


* l^iirrung 

AN 74 

1966 


1 Mazbat 

AN 75 

1966 

Soil Rehabilitation 

! Dcckiajuli 

AN 47 

1 1964 


1 Tarajuli 

AN 46 

! 1964 


Ghoirallie 

AN 

1 1966 

Pruning 

Phulbari 

AN 58 

1 1964 


Ghoirallie 

AN 60 

1965 


Kolony 

AN 76 

1 1966 
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Dooar8> West Bengal 


Project 

Site (T.E.) 

Index 

Year of 
starting 

Cultivation and \Veed Controlj 

Chuapara | 

D. 11 

1957 


Bhatpara 

D. 10 

1957 

Shade & Manuring j 

Nya Sylee 

D. 24 

1962 

N. P* K. Manuring ! 

Kalchini ! 

1 D. 1 j 

1954 

1 

! 

Needam 

1 D. 30 

1 1 

1963 

1 

Nitrogenous Fertiliser 

Baradighi 

! D. 33 

i 1966 


Good Hope 

1 D. 29 

j 1961 

Shade 

Nya Sylee 

! D. 9 

t 

j 1958 

Pruning 

Chuapara 

D. 2 

1955 


1 Baradighi 

1 D. 4 

1 1955 


1 Sam Sing 

1 D. 34 

‘ 1966 

Rehabilitation 

Grassmore 

D. 28 

1 1964 


Bhogatporc 

1 D. 27 

1 1964 

1 

Irrigation 

Baintgoorie 

, D. 31 

1965 


Rajabhat 

j n. 32 

1965 


Gopalporc 

1). 35 

1 

1966 

Reclamation of Soils 

Birpara 

; 

1 1966 


Bundapani 

i 

1966 
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Darjeeling, West Bengal 


Project 

Site (T. E.) I 

Index 

Year of 
starting 

Shade & Manuring 

V T ' 

Nagri harm 

Dj. 19 ' 

1961 

X. P. K. Manuring 

I 

I’umsang 

Dj. 22 

1965 


Sangnia 

Dj. 23 

1965 

Nitrogen Fertilisers 

Marybong 

Dj. 28 

1966 


Singell 

Dj. 26 

1966 


Lingia 

Dj. 20 

1962 

Pruning 

* Lingia 

Dj. 21 

1963 


Phoobsering 

Dj. 24 

1965 


Mahaiance 

Dj, 27 ; 

1966 


(ionmtec 

1 

Dj. 25 

1966 

Plucking 

1 Mim j 

Dj. 18 

1961 


Gachar, Assam 


Project 

Site (1. L. ^ 

Index 

Year of 




starting 

Soil and Manuring Soil C'limaio- 

; Luoinbcrgram 

c:. 20 

1962 

logical Survey) 




Pruning 

Loombcrgrain 

C:. 21 

1961 


; Lorigai 

C:. 22 

1962 


1 C'lhandigliat 

C:. 23 

1962 


* Silcoori(* 

C. 24 

1962 


Siicooric 

C. 17 

1960 

Rehabilitation of Land 

Koomber j 

C. 25 

1 1964 

N. P.K. Manuring 

Isa Bheol | 

C. 26 

! 1966 


Hauikhira 

(:.27 

1966 


Longa i 

t C. 28 

1966 

^•itrogcnoiis Fertilisers 

Pallorbund 

C. 29 

1966 


Dewan 

i C. 30 

1 

1966 

Irrigation 

Roopacherra j 

1 a3i 

, * 1966 


17 
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APPRXDTX B 

Advisory I^kpartment Field Experiments 

S. K. Dl'ti a — Cliier Advisory Onicor 

S. 13asi — Advisory OlJiccr, Soutli Bank, Assam. 

S. K. Sarkar — ,, ,, ,, ,j ,, 

P. C. Sharma ,, ,, Xorth Bank, Assam 

T. K. Ghosh — „ ,, Cachar, Assam, 

\V. J. Grice —Chief Advisory Ofliccr, West Bengal. 

H. Mitra —Advisory Oiliccr, Darjeeling & Terai, West 
Bengal. 

F. Rahman — Advisory OlHccr, Dooars, West Bengal. 

Brief siimniaries of some of the experiniciiLs conducted by the Depart- 
ment in Member estates are given below ; 

(A. 7) Nitrogenous Fertilisers : 

(1) High frequency application of sulphate of ammonia — Tiie 
levels of nitrogen varied from 1 12 kg to 247 kg ha, applied in one dose and 
also in 4-B equal monthly doses. 

South Bank, Assam 

In two experiments (Expts. \o. AS 5h and and AS 62) levels higher 
than 112 kg X ha did not bring al>out any significant improvement in 
yield whether these were applied In one dose or in 4-8 doses. The tea was 
deep skiffed in both cases and was high v iclding, having given 2518 kg/ha 
and 3170 kg ha witli 1 12 kg X ha T:nntrol ) in Expts. Xo. AS 56 and AS 62 
respectively, in 1956. 


North Bank, Assam 

Results were same as above /Exptc Xo. AX 59). The tea was primed. 

(2) Time and method of manuring ; 

Darjeeling, West Bengal 

In one experiment fExpt. Xo. Dj. 20), broadcast, half bangles and disc 
methods of manuring were tried. The level of nitrogen was constant at 
90 kg ha. In broadcast method, application of manure at different times 
and in two divided doses were also tried. The experiment had been in 
progress for four years in 1966. In none of the year was there any signi- 
ficant difference in yield between the treatments. 
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(A. 5) N. P. K. Manuring ; 

South Bank, Assam 

In one experiment (Expl. Xo. AS 44; on tea replanted in 1955 a high 
lc\c! of phosphate and potash (each at 224 hg/ha) in conjunction with 
112 kg X'/ha gave significantly higher yield than 112 kg N ha '"C'ontrol) 
for two consecutive years. Phosphate and potash each at a low level of 
22. 5 kg gave higher yield than 'Control’ in the first year but failed to repeat 
the performance in the second year. 

In another expiMlmenl Kxpt. Xo. AS 34; on lea jilanted in 1949-50 
a low level of phosphate and potash (each at 22.5 kg^ ha) in conjunction 
with 112 kg X ha failed to give higher yield than ‘Ccaitrof 112 kg X/ha) 
a period of five yeai s. 

In an (xperimenl Xo. AS 39 on tea rep lamed in 1954 both 

90 kg and 135 kg nitrogen per lieciarc ga\ c higher yield than 0 kg nitrogen. 
'I herc was howexer no difference between 90 kg and 135 kg, over a period 
of live ycais fl961-'G5 . Pmasli at 45 kg per hectare gaxe a significant 
increase of 109 kg, ha per sear ovci' 0 kg potash. Main cfTccis of magnesium 
;22.5 kg, ha; and jxlio'^pliale (45 kg, ha; were not significant. 

Darjeeling, West Bengal 

In one experinuni Expt. Xo. Dj. 23 j on matuie tea of unknown age, 
])liosphatc and potash each at 2 levels of 22 and 45 kg ha failed to show anv 
beneficial effect on yield in the first xcai of the experiment . Ihe tea 
was iinpninetl. 

( A9) Pruning t 


South Bank, Assam 

In two experiments lExpts Xo. AS 12 & 13) both dee]j skill 
a light skiff the previous season) and medium skiff (following a jirune the 
previous season) gave signilicantly higher yield than a lop prune. 

North Bank, Assam 

Complete defoliation of' annually pruned lea or lea under a biennial 
pruning cycle of prune-deep skill', did not result in a loss of' crop over a 
peiiod of two years (Expt. Xo. AS 58). 
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in one experiment (Expt. No. AN. 60) the following treatments are 
being tried. 


1. Biennial cycle — 1st year— Skiff at 12.5 cm, pluck at above the 

level of skiff. 

2nd ycar= Prune 1 cm up; pluck at 20 cm. 

2. Biennial cycle — 1st year= Skiff at 10 cm, pluck at 10 cm above 

the level of skiff. 

2nd year— Prune 1 cm up; pluck at 20 cm. 

3. Annual prune == Prune 1 cm up ; pluck over 20 cm. 


First year’s results showed that there was no di ft ere nee in yield between 
the two methods of skiffing. These also did not ha\-e any effect on the 
crop distribution. 


Gachar, Assam 

Complete defoliation again made no difference to the crop when carried 
out in annually pruned tea or in tea under biennial priming cycle of prune- 
deep skiff or prune-medium skiff, o\’er a period of four years (Expt. No. C. 
23). 


Dooars, West Bengal 

The following biennial priming cycles were being tried together with 
annual prune (Expt. No. D. 2.). 

1. Prune— light skiff 

2. Prune — medium skiff 

3. Prune — deep skiff 


All types of skiff generally gave higher yield than prune. Pruning on 
2- year old wood (i.e. when tea was pruned following a skiff) did not result 
in loss of crop as compared with pruning on 1-year old wood (i.e. annual 
pruning). The mean yield of the tieatmenls is shown below : 
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■ • Table : Mean yield of made teas in kgjka {1955-67) 


'Preatments j 

1 

Yield 

Annual prune | 

1602 

Prune^'light skiff 

1829 

Prune medium skiff 

1 

1782 

Prune-deep skiff 

1838 


(A. 8) Plucking : 


Darjeeling, West Bengal 

In onr expcrimriit lExpi. No. Dj. I.‘5 thr following treatments were 
being hied. 

1. Pluck to the janam throughout the season. 

2. Leave onr leaf at the start of lirst flush 

3. Leave one leaf at the end of first flusli end of A]>rilj 

4. Leave one leaf at the end of lirst flush (end April} and again at 

the end of second flush ( end of June}. 

5. Leave one leaf at the end of first flush (end of April), tlie end of 
second flush (end of June) and the end of monsoon (end of 
September). 

I hc tea was under a three year pruning cycle of prune,- light skiff- 
levelling off skiff. 

Pwo years’ results had shown that there was no gain cither in the total 
crop or in the carl)' season crop when most valuable teas are made by leaving 
a leaf at any time of the season. Leaving a leaf at the start of the first flush 
in fact gave significantly lower yield than plucking to the janam throughout 
the ) ear ip the lirst )car of the experiment. It also resulted in a lose in 
the early season crop in both the years. I'hc lea was given a light skiff 
in the first yeai' and a levelling off skiff in the second. 



ASSAM ADVISORY D£PARTM£Nt>-ASSAM VALLEY 
NORTH BANK 

P. C. Sharma - Advisoiy Officer 

STAIT 


No change in Staff position. 


TOURING 

I he following estate \lsiis were made by the Advisory Officer 

Te::pur Sub- are a 
Bishnaulh Sub-area 
S I annald a i Su b-ana 
Ih.'rs^'Ja Sub^nrea 
A\ rih Lakiiimpur 
Sub-ijreo 

(i 00 1 par a Dishief 
C.'ochor Bi^irict 

In additionj he aUo i)aid ‘23 visits to estates in connexion with conduct- 
ing of experiments. 

Thus, a total of UM \ Isits were paid, die number of individual estates 
visited during the year being 72 only. 

MKin i\(;s 

Ihe Area Scientific Ciommittees Nordi Bank Past and West were inau- 
gurated and the Advisory Officer, North B.ank, at tender! all the meetings 
held during the year. 


— 31 visits 

— 10 

— 27 

— 21 „ 


— 3 

— 9 


TECHNK:AL REPORd' 

Weather and Crop ; 

Estates received aliout 25 mm of rainfall in January and between 25 and 
50 mm during February. Early Maicli was diy but about 25 mm of 
rainfall was received in late March. Rainfall was moderate to heavy 
from April to October. Rainfall varied from 6 mm to 25 mm in November 
and was negligible in December. 

The season closed with an incicasc in crop as compai cd to 1%5 iit ma- 
jority of estates in all sub-areas. 
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Pestf Dsmamm : 

Incidence of Purple miles was observed on young tea in a few estates 
in Bishnaiuh Sub -area in January— early rebruary. 

A mild attack of booper caterpillars was observ'cd in most estates in 
Xczptir Sub-area in April and the pest was observed again in November 
in two estates in Mangaldai and Borsola Sub-areas, causing appreciable 
damage to young lea. 

Incidence of Red spider was observed in many estates in Tc2pur, Bor- 
sola and Bishnauth Sub-nreas during April-May. Heavy infestation of 
Scarlet mites was observed in one estates in Tezpur Sub-area during the 
same period. 

'/oung and mature teas were badly attacked by Lauwia conspersa in 
all Sub-areas from May -October. Hca\ y shade seems to encourage the 
incidence ol“ this pest. 

Incidence of Black rot was severe in several estates during the period 
July-Septcmber. 

Hail and Flood Damage : 

Hail caused damage to tea in two estates in Tezpur Sub- area and 
in one estate in Goalpara district in March. 

One estate in Mangaldai Sub-area was afTecied by flood in late August 
; 11(1 luavy silting occurred in a few sections of tea. 



ASSAM ADVISORY DEPARTMENT— CACHAR 

T. K. Ghosh— Advisory Officer 

STAFF 

Dr. T. K. Ghosh, Advisory Officer took over charge of the Branch on 
llih Match, 1966. 

Sri S. K. Paul and Sri J. M. Acharjee, Artisans were transferred from 
Tocklai and joined this Branch on 9th June, 1966. 

Sri N. R. Chakravarty Joined as driver on 20th July. 

The Advisory Officer was on annual leave from 3rd October to 6th 
November, 1966, 

TOURING 

The following estate visits were made by tlic Advisory Officer during the 
year : 

Happy Valley Sub-area 44 visits 
Aortk Cachar ,, 4 ,, 

Chutla Bhtfl „ 6 „ 

Hailakandy „ 24 ,, 

Longai „ 15 „ 

A total of 93 visits were paid by the Advisory Officer but several estates 
were visited on more than one occasion, fhe total number of individual 
estates visited during the year being 32. 

MEETINGS 

The Director and the Advisory Officer attended the 65th Annual General 
Meeting of the Surma Valley Branch, Indian lea Association on 16th 
February', 196S. 

The Director also attended the inaugural meeting of the Area Scientific 
Conrmittce meeting held on 29th November, 1966. 

The Advisory Officer visited Tocklai from 8th to i4th November, 1966 
to attend the officers’ “Get-together”. 

TECHNICAL REPORT 

Weather ; 

Except for a short spell of drought during March the early part of the 
first quarter received favourable rains. During early second quarter con* 
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hail daniiigc reduced I he ero]) in many c.sl*il(*s, parlicuiarly in 
llie ( liuila Bhcel and Happy Valley Sul)-aieas. I'lic disirici was flooded 
due to heavy rains during June and early July causing serious damage 
10 lea in some esiaics and most ol ihe loads were under water for about 
a month. Heavy rain continued during tlur earl) third quaiter also and 
as a result there was a considerable h>ss in crop as plucking rounds could 
not be maintained in some of the estates during June and July. hhe wea- 
ther rcmaijied favourable horn the middle of third (piarter imtill the closing 
of the year and the district was sliglitly ahead in crop as compared to 1965. 

Pests and Diseases : 

During the early pari of the year blister blight was f)l>served in some 
estates. Red rust and Black rot appeared later and remained in almost 
all areas. Red spider continued to be the most important pest practically 
throughout the year except the early part. Hclopeltls appeared little 
late this year and was observed in mo^t of the areas. 

Branch ExPFRiMFxrAi. \N'ork 


Experiments : 

Pre treated cuttings of 12 diirereni Pock la i released clones received 
from Tocklai during June, 1966 were propagated in \'. P. beds for planting 
up a clonal multiplication plot. 

Meteorological Station : 

One Standard Raingauge received from Ramkala, Poona was installed 
and rainfall is being recorded since 7th .August. 


Ifl 



WEST BENGAL ADVISORY DEPARTMENT 
DOOARS BRANCH 


\V. J. Grice — Chief Advisory OiTirer 
F. Rahman — Advisory OHicer 

STAFF 

Mr. W. J. Grice, Chief Advisory O T er, WA'st Bengal was away on lonT 
leave from 26th May to 28th October, 195G. Dr. F. Rahman arrived ai 
Nagrakata on 4th February, 1966 after completing his training at Tocklai, 
and he proceeded on earned leave on 1 8th December. 

M. S. Lama retired from the Association’s service on 30th September. 
S. S. Das was appointed to replace K. M. Bhatnagar on 5th December 
and is under training at Tocklai. R. B. Pradhan was appointed as Clerk' 
typist on the 17th November. 


TOURING 

The Chief Advisory Officer paid a total of 25 advisory visits to gardens 
(all Members of T. R. A.) Details are given belo^v : 


Dm Sub district 
Chalsa Subdistrict 
Nagrakata Subdistrict 
Binnaguri Subdistrict 
Dalgaon Subdislrict 
Jainti Subdistrict 
Darjeeling 
Terai 

The Chief Advisory Officer visile 
November and December. 


.. 9 visits 

1 visit 
.. 2 visiti 

.. 4 

.. 5 ,, 

.. 2 „ 

1 visit 

I „ 

the Mai Station on 5 occasions in 


The Advisory^ Officer paid a total of 133 advisory visits to gardens (ail 
Members of T. R. A.) Details are given below : 


Dam Dim Svhdistnct 

20 visit 

Chalsa Subdislrict 

... 27 

Nagrakata Subdistrict 

... 13 „ 

Binnaguri Subdislrict 

22 „ 

Dalgaon Subdistrict 

... 20 „ 

Kalchini Subdistrict 

... 18 „ 

Jainti Subdislrict 

... 13 „ 
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During the \car the vast majoril)' of estates visited wanted advice on 
vegetative propagation and pest and disease control. I’he problems of 
vstabiishing shade and the control of shade tree pests were also subjects 
on wliidi advice was given on a number of occasions. 'I’lierc has also 
l)ccn a significant increase in lecjiiests for advice on soil matters, in parti- 
cular in connection with drainage and reliabilitation. 

MKK I IXGS 

I hc Ghief Advisory Ollicer attended the following Annual General 
MetMings :~ 

I'erai branch Indian 'Tea Association on 2Bth January. 

Dooais Branch Indian lea Association on 29th January. 

Darjeeling Brandi Indian I'vix Association on 26th March. 

'I fie Advisory Olliccr atte nded the inauguration of the Xorth Bengal 
Branch of the 'Tc'a Association of India on lllh March in Siliguri. 

Tocklai Visits- 'I'lie (ihie f Advisniy Ollicci and Adsi^^oiy Olliccr 
Ibcklaifor the stall “Get together'' during the period Btli — lltli 
November and in addition the Cliit'f Advisory Olliccr visited d'orklai for 
the Lecture C'ourses IVfun tlie 1st to 20th May. 

Scientific Sub-Committees-' 1 he Ghief Advisory Ollicer aiiended 
Sricniific Sub ( oiniTiittee meetings of the Daijcding and Dooars Branches 
of the Indian d'ea Assotialion as follows : — i2lh January and 25th 
March in Darjeeling and 19th April in the Dooars, The Advisory 
Officer attended two meeting." ol’ the Dooars Branch Indian Lea Association 
Scientific Sub-Goinmiitee on the 16th September and 5 1 si October. 

ilie Chief Advisory Ollicer attended the Jst meeting of the Leiai tN: 
M. Dooars, Darjeeling and IL iS: Dooars Area Scieiuilic Committees 

oit the 12th, 13lh and 1 1th Dc<'embcr, the .Advisory Ollicer attended the 
last named meeting. 


d EC:HNR:AL REPORT 

Weather ; 

Ihc season started much earlier than usual due to good rainfall in 
January and I'ebruary coupled with higher tlian normal temperatures, but 
was followed by a bad drought in Maieh, Ajti il and most ofNfay and 
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resulted in a severe set back to crop during that period. Several estates 
suffered from hail in March and April. July was a very wet month and 
this also resulted in a reduction in crop. The weather at the end of the 
season was good and so the back end crop made up to a certain extent 
the poor crop in April, May and July. 

Pests : 

Red sj)idcr was widespread on estates wlicn steps to control tlic 
were not taken. It was observed that the pest persisted in the rains and 
started appearing in moderate intensity in October. Scarlet mile was 
bad in many estates and appears to be on the increase all over West Bengal. 
Incidence of purple mite in mature tea besides attacks in nurseries was 
reported from a number of gardens. Helopeltis w'as also reported from 
Kalchini, Chalsa and Dam Dim areas from October onwards. Black rot 
was severe on some gardens in Kalchini, Chalsa and Dam Dim areas. 
Cockchafer caused considerable damage to clonal tea in certain areas. 
Severe cricket damage on clonal tea was reported from one estate in the 
Kalchini area. 

Shade trees continued to suffer from attacks from Membradds, cock- 
chafer beetle and Agrilus beesoni. Bostrichid borers were found attacking 
Alhizzia moluccana and Denis robusta on a number of estates. 

EXPERIMENTS 
Branch Experimental W^orks 

rhe nucleus clones of all Tocklai release clones were made up to full 
strength during the year and 29,700 cuttings w'ere released to Member 
estates in June and October. 

During the year 4 new experiments were laid out. The cultivation 
experiment at Bhatpara T. E. was discontinued at the end of the year. 
Manures in the Baradighi manuring experiment were wrongly applied. 
Work on other experiments continued according to their programmes. 
The Chief Advisory Officer paid 36 visits to experiments and the Advisory 
Officer 17 visits. 

A list of the experiments in progress with the year of starting is included 
in the Appendix A. 


ST ATION REPORT 

Visitors : 

Mr.*D. I>. W’allace from 2 Uli to 27ih Januitry, Mi\ I, I’. Mon iss O. H.F.., 
on 15th May Mr. D. Allan, Duncan Bros, on 16th December. 
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[n addition to the above the station was visited by several local planters 
and representatives of Burmah Shell and I. C. I. Ltd. 

Meteorological Station i 

Regular readings continued to be recorded. The Met. Station was 
\jsited by Mr. B. V. Kulkarni of Indian Meteorological Department, 
Poona during the period 20lh to 23id September. 



WEST BENGAL ADVISORY DEPARTMENT, 
DARJEELING & TERAI BRANCH 

W. J. Grice — Chief Advisory Officer 
H. Mitra — Advisory Officci . 

SlAl'l' 

Mr. H. Mitra, Advisory Officer moved to Daijceling on the 2nd rebru- 
ary to take over the charge of tlie Darjeeling and 'i erai Advisory Branch. 
Sri D. B. Chhetri was appointed in the post of C-lcrk typist on 25th February 
1966. 


rOURlXG 


d'he Advisory Officer paid a total of 1{>7 \i^lu to R. A. Member 
estates, details of which arc given below : 

Darjeeling — 93 \ isits 

Terai — 52 ,, 

Dooars — ^ 10 ,, 

During visits to estates in Darjeeling advice was comrnonh given on; 
pest and disease control, in [tariicular blister blight, scale instx ts and mites. 
It is obvious that more and more estates are becoining conscious of the 
need to control pests and diseases. Another subjec t cm whic li acK ic'c \cas 
comrnonh given was pruning cvcles and din'ercitt degrees of skiH', it is 
interesting to record that more estates are incorporating dilferent skids into 
pruning cycles with a view to even out crop distribution during the hrst 
and second flush period. 

Managers on d’erai esiatcs required ad\icc mainly on drought pre* 
cautions as well as pest and disease control, d he establishment and main- 
tenance of sliade was also a common topic on ^vhich advice was givc.u. 

MEETINGS 

d'he Advisory Oflicer visited d'ocklai from the 8th to 12th November 
1966 for the “Stafl' Get d’ogethcr’^ and visited the Nagrakata H. Q. as 
detailed below : 


23rd May, 29th June, 4th & 7th July, 13th August, 11th & 12lli October 
and 6ih November. 
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The Advisory Olficcr attended the following Annual General xMcetings : 

Terai Branch Indian Tea Association on the 28th January, the Dooars 
Branch Indian Tea Association on the 29th January and the Darjeeling 
Branch Indian Tea Association on the 26 th March. 

Scientific Sub-Committee — dlic Advisory Ofiicer, as the Secretary, 
attended the Darjeeling Branch I. A. Scientific Sub-Committee 

Meetings on the 25th March, 25ih June and 26th September, and the 
Inaugural Meeting of the lOaijceling Area Scici.tific Committee of T. R. A. 
on the 13th December 1966. 


IhCHNlCAL REPORT 

Weather : 

dhe cliniatlr eoiKlitions in gei eial were unfavourable to tea. The 
prolonged (hoiielu in the eai iy pan nC the s<*ason, and the heavy rains 
which followefi the drought result cel in a lieavy loss in crop in manv estates 
in Darjeeling and d'erai. d'he season aho dosed early due to an unusual 
early cold sj^tdl. A number of* estates :»Nf) sufrered from hail. 

Pests : 

d lu ips was widespread anel eaused ee)n>ide t able loss to earlv crop on 
estates whcie necessary control measures had not been taken. Mites were 
active in the early j^aii of the season and estates on the warmer aspects 
of the hills and in the Ttu'ai suffered hca\ily for not spraviag at the appro- 
priate tinne 1 he iiK'idenee of Red spider was less in the areas where 
regular spraying with led ion .md K el thane iVoni December was under- 
taken. It is h(n\('\cr interesting to record tliat on a number of estates 
in the I'crai and on the lowc'r elevation Darjeeling estates Red spider appea- 
red fairly all of a sudden in tlte rains. 

Scarlet mite was imtieeable in the derai and on the lower elevation 
c>iaies in Daiji'eling district, d he activities of the larvae of Ccrambycid 
Iteetle has been on the increase in the Darjeeling East Snlxlistrict. 

Scale insects remained acti\e througlioiit the season on estates known 
to sulfcr from this pe-^l. Iheie is no tlonbt that Scale insects are respon- 
sible for moic d.nnagc to tea in Darjeeling than is general] v aj)preciatrd. 

Diseases : 

The incidence of Blister blight, according to many plantei*s, was the 
heaviest for very many years and as a result, the estates prone to this disease 
lost a substantial cpiantity {>f crop. 



( 140 ) 


Black rot was noticed tor the first time on a number of csUitcs above 
1,400 mcti es. Helicobasidixtm comp actum was also discovered for the first 
time on Priotropis cytisoides growing above 1,500 metres. 

EXPERIMENIS 
Field Experiments in Estates 

The Chief Advisory Officer paid 13 visits and the Advisory Officer 
37 visits to experiments during the year and 4 new experiments were laid 
out. 

A list of experiments in progress during the year, is included in the 
Appendix A. 

Factory Experiments 

Manufacturing Adviser & Tea Taster and Senior Research Engineer 
conducted a short trial with the 6^ rotorvane at Ging T. E. and also a with- 
ering experiment at Goomtee T. E. 

Cloaal Proving Station ; 

The site for the proposed Clonal Proving Station at Ging T, E. was 
cleared and was kept under green crops. 

M e f o r ological Station : 

A Symons type raingaugc was installed at the staiion and regular 
readings continued to be recorded. 



WEST BENGAL EXPERIMENTAL STATION 

N. B. Chanda — Incharge 

STAFF 

Dr. Chanda was on annual leave from 31st January to 5th March 1966, 
SOIL SECTION 

2496 soil samples and 6 water samples were tested and reported on 
for advisory purposes. 


AGRICULTURE SECTION 

Forty six bushes, selected on the basis of their 1965 tasting results out 
of three hundred forty, were again put to rcxjting trial and twenty eight 
of these to miniature manufacturing trial using leaf from the 1963 and 
1964 nursery plants against a standard of Tocklai Clone 19. 29, 13. On 
the basis of these results as well as their field attributes, seventeen bushes, 
including that appear to be suitable for Darjeeling, have been finally 
selected for field trials by the Chief Advisory Officer. On similar consi- 
derations together with resistance to Red spider observed over a period 
of three years, four bushes out of twenty, located in a practically unshaded 
very Red spider susceptible section, were also selected for field trials. One 
of these, a hybrid dark leaf type, has fair vigour and plucking points with 
strength ard quality almost similar to the 19.29 13 standard and another, 
of hybrid Manipuri type, has good potential for a yield clone. 

Besides the twenty one bushes selected for further trials mentioned 
above, another big .Manipuri luish has been selected which has dilinite 
yield potential. T his bush will be subjected to a rooting trial in 1967. 

TOURING 

The ten gardens, where the mother bushes arc situated, were visited 
59 times in connection with rooting and miniature manufacturing trials. 
In addition, four gardens were visited, once each, to collect information 
alxuit a survey of Tocklai recommendations and tlie benefits occurred from 
tlu'm. 


MEETING 

The Officer Incharge attended the “Staff Get-Together*’ at Tocklai 
on November 9, 1 0 & 11. 

VISITORS 

A Sub-Committee of the Association wiili Mr. D. B. \\ allace as its 
Chairman visited the station on January 25. And the Chairman of the 
Association visited the station on May 13. 

CORRESPONDENCE ; 

490 letters, including 135 of technical nature, were issued and 1150 
retcived. 




APPENDIX 


METEOROLOGICAL OBSERVATIONS 
DURING 1966 




J\iL.nl;i!! D.f'v' 1 D-uly soil h- ir >*;; unu'<“ ! Monthly 



IN nni;iii’' in nini t fiujils llir Pv tiiiMU csliiuitn i>i i \;i[ioiiiiioti IVotn an ojicn watc'r stirfacv 



Summaty of meteorological observations during 196S 
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Data in briick«*ts show previous a\ tTagPS (averages of 9 years) 

Soil trniperaturr at diOVrent tlepths arc (he mean of morning and afternoon rcadmgs. 
'*l*fninan in nun” int'ans IV inoim ostimati* t*f evaporation from an open water suriacc. 
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(iv) * indicates invlnuiirnl (»ijt ol' order. 
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Nor* : Data in i rackets ^how previous averages (averages of 7-i2 yeaji) 



